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Abstract of EP1267319 

The present invention discloses an invention 
about a drive waveform for driving an image 
display unit. In particular, the present invention 
discloses the structure of using as a drive 
waveform a drive waveform signal which is level 
controlled by a plural of discontinuous levels 
including a minimum level which is a level 
corresponding to luminance brightness gradation 
data which is not 0, at least one non-minimum 
level which is a level corresponding to larger 
luminance brightness gradation data, and an 
intermediate level between the above-described 
minimum level and the above-described non- 
minimum level, and is given pulse width control 
with discontinuous pulse width, and which has a 
portion, which is controlled with the above- 
described minimum level, in its trailing edge, and 
a portion, which is controlled with the above- 
described intermediate level just before the 
former portion, when it has the portion controlled 
by the above-described non-minimum level. 
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(57) The present invention discloses an invention 
about a drive waveform for driving an image display unit. 
In particular, the present invention discloses the struc- 
ture of using as a drive waveform a drive waveform sig- 
nal which is level controlled by a plural of discontinuous 
levels including a minimum level which is a level corre- 
sponding to luminance brightness gradation data which 
is not 0, at least one non-minimum level which is a level 
corresponding to larger luminance brightness gradation 



data, and an intermediate level between the above-de- 
scribed minimum level and the above-described non- 
minimum level, and is given pulse width control with dis- 
continuous pulse width, and which has a portion, which 
is controlled with the above-described minimum level, 
in its trailing edge, and a portion, which is controlled with 
the above-described intermediate level just before the 
former portion, when it has the portion controlled by the 
above-described non-minimum level. 
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D scrlption 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present Invention relates to a drive circuit 
for generating a driving waveform corresponding to 
brightness data; a display device therewith; a driving 
method for generating the driving waveform; and more 
specifically to a method of driving a light-emitting device 
in an image display device provided with an image dis- 
play panel having the matrix wiring of a plurality of light- 
emitting devices. 

Related Background Art 

[0002] Up to now, two kinds of electron emission de- 
vices, that is, a hot cathode device and a cold cathode 
device are known. Among these, as a cold cathode de- 
vice, for example, a surface conduction electron-emit- 
ting device, a field emission type device (hereafter, an 
FE type device), a metal/insulating film/metal type dis- 
charge device (hereafter, an MIM type device), etc. are 
known. As a surface conduction electron-emitting de- 
vice, for example, a device disclosed in an article of M M. 
I. Elinson, Radio Eng., Electron Phys., 10,1290(1965)", 
and other examples described later are known. 
[0003] A surface conduction elect ran -emitting device 
uses a phenomenon that electron emission occurring by 
letting a current in a thin film with a small area, which is 
formed on a substrate, in parallel with a film surface. As 
this surface conduction electron-emitting device, be- 
sides the device by Elinson et al. where an Sn0 2 thin 
film is used, a device consisting of an Au thin film (G. 
Dittmer: Thin Solid Films, 9,317 (1972)), a device con- 
sisting of In 2 03/Sn0 2 thin film (M. Hartwell and C.G. 
Fonstad: IEEE Trans. ED Conf., 519 (1975)), a device 
consisting of a carbon thin film (HisashiAraki, etal.: Vac- 
uum, 26th volume, No. 1 , 22 (1983)), and the like were 
reported. 

[0004] As a typical example of the device structure of 
these surface conduction electron -emitting devices, a 
plan of the above-mentioned device by M. Hartwell et 
al. is shown in FIG. 28. In the figure, reference numeral 
3001 denotes a substrate and numeral 3004 denotes an 
electro conductive thin film made of metallic oxide 
formed by sputtering. The electro conductive thin film 
3004 is formed in H-shaped plane geometry as shown 
in the figure. An electron emission part 3005 is formed 
by performing the energization processing which is 
called below-mentioned energization forming, to this 
electro conductive thin film 3004. A gap L in the figure 
is set within 0.5 and 1 mm, and w is set at 0.1 mm. In 
addition, although the electron emission unit 3005 is 
shown in rectangular geometry in the center of the elec- 
tro conductive thin film 3004 from convenience of illus- 
tration, this is schematic and is not necessarily express- 



ing the location or geometry of an actual electron emis- 
sion unit faithfully. 

[0005] In the above-described surface conduction 
electron-emitting devices including the device by M. 

5 Hartwell et al., it is common to form the electron emis- 
sion unit 3005 by performing the energization process- 
ing, called energization forming, to the electro conduc- 
tive thin film 3004 before performing electron emission. 
Namely, the energization forming means to form the 

10 electron emission unit 3005 in a highly resistive state 
electrically by applying a fixed DC voltage or, for exam- 
ple, a DC voltage, which increases at a very slow rate 
which is about 1 V/min, to both ends of the electro con- 
ductive thin film 3004, to locally break or deform the 

15 electro conductive thin film 3004, or to change its quality. 
In addition, a crack arises in a portion of the electro con- 
ductive thin film 3004 which is locally broken, deformed 
or changed in quality. When a proper voltage is applied 
to the electro conductive thin film 3004 after the above- 

20 described energization forming, electron emission oc- 
curs near the above-described crack. 
[0006] As examples of FE type devices, for example, 
devices reported by the articles of "W.P. Dyke & W.W. 
Dolan, Field emission, Advance in Electron Physics, 8, 

25 89(1 956)", and "C.A. Spindt, Physical properties of thin 
film field emission cathodes with molybdenum cones, J. 
Appl. Phys., 47, 5248 (1976)" are known. 
[0007] As a typical example of device structure of an 
FE type, a sectional view of the above-mentioned device 

30 by C.A. Spindt et al. is shown in FIG. 29. In this figure, 
reference numeral 3010 denotes a substrate, numeral 
3011 does emitter wiring made of conductive material, 
numeral 3012 does an emitter cone, numeral 3013 does 
an insulating layer, and numeral 3014 does a gate elec- 

35 trode. This device makes field emission occur from an 
end portion of the emitter cone 301 2 by applying a prop- 
er voltage between the emitter cone 301 2 and gate elec- 
trode 3014. In addition, as another device structure of 
the FE type device, there is also an example of arrang- 

40 ing an emitter and gate electrodes nearly in parallel with 
a substrate plane on a substrate except the laminated 
structure as shown in FIG. 29. 

[0008] As an example of an MIM type device, for ex- 
ample, a device reported in an article of "C.A. Mead, 

45 Operation of tunnel emission Devices, and J. Appl. 
Phys., 32, 646 (1961)" is known. A typical example of 
the device structure of an MIM type device is shown in 
FIG. 30. This figure is a sectional view, and in the figure, 
reference numeral 3020 denotes a substrate, numeral 

so 3021 does a lower electrode made of metal, numeral 

3022 does a thin insulating layer with the thickness of 
about 1 00 A, and numeral 3023 does an upper electrode 
made of metal with the thickness of about 80 to 300 A. 
In the MIM type device, electron emission is made to 

55 occur from a surface of the upper electrode 3023 by ap- 
plying a proper voltage between the upper electrode 

3023 and lower electrode 3021 . 

[0009] Since the above-described cold cathode de- 
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vice can obtain electron emission at low temperature in 
comparison with a hot cathode device, it does not need 
a heater for heating. Hence, since its structure is simpler 
than that of a hot cathode device, it is possible to pro- 
duce a fine device. In addition, even if plenty of devices 
are arranged in high density on a substrate, it is seldom 
to generate problems such as a thermofusion of a sub- 
strate. Moreover, differently from slow response speed 
of a hot cathode device due to an action by the heating 
of a heater, the cold cathode device also has an advan- 
tage that response speed is quick. For this reason, re- 
searches for applying a cold cathode device have been 
done actively. 

[0010] For example, a surface conduction electron- 
emitting device has an advantage that plenty of devices 
can be formed over a large area since the surface con- 
duction electron-emitting device is simple in structure 
and is easily produced. Then, as disclosed in, for exam- 
ple, Japanese Patent Application Laid-Open No. 
64-31332 applied by the present applicant, methods for 
arranging and driving many devices have been studied. 
In addition, as for the application of surface conduction 
electron-emitting devices, image formation apparatuses 
such as an image display unit and an image recording 
device, a source of a charged beam, and the like have 
been studied. 

[0011] In particular, as forthe application to image dis- 
play units, as disclosed in, for example, U.S. Patent No. 
5,066,883, Japanese Patent Application Laid-Open No. 
2-257551 , Japanese Patent Application Laid-Open No. 
4-28137, and the like, image display units where a sur- 
face conduction electron -emitting device and phosphor 
which emits light by irradiation of an electron beam are 
combined and used have been studied. The image dis- 
play units where a surface conduction electron-emitting 
device and phosphor are combined and used are ex- 
pected in characteristics superior to those of conven- 
tional image display units where other methods are 
used. For example, even if it is compared with an LCD 
which has spread in recent years, it can be said that it 
is excellent in terms of not requiring a backlight since it 
is a spontaneous light type unit, and in terms of a wide 
viewing angle. 

[0012] In addition, a method of arranging and driving 
plenty of FE type devices is disclosed in U.S. Patent No. 
4,904,895. In addition, as an example of applying an FE 
type device to an image display unit, for example, a flat 
plate type display unit reported by R. Meyer et al. is 
known (R. Meyer: Recent Development on Microtips 
Display at LETI, Tech. Digest of 4th Int. Vacuum Micro- 
electronics Conf., Nagahama, pp. 6-9 (1991)). 
[0013] In addition, as an example of applying plenty 
of MIM type devices to an image display unit is disclosed 
in Japanese Patent Application Laid-Open No. 3-55738. 
Furthermore, a unit where an EL (electroluminescence) 
device is used is disclosed in, for example, Japanese 
Patent Application Laid-Open No. 09-281928 as an im- 
age display unit where a device other than an electron 



emission device is used. 

[001 4] The present inventor et al. has tried, for exam- 
ple, a multi-electron beam source by an electric wiring 
method shown in FIG. 31 . Thus, it is a multi-electron 
5 beam source where plenty of electron emission devices 
are arranged two-dimensionally, and are wired in a ma- 
trix as shown in the figure. 

[001 5] In the figure, reference numeral 1 schematical- 
ly denotes an electron emission device, numeral 2 does 

10 row-directional wiring, and numeral 3 does column-di- 
rectional wiring. The row-directional wiring 2 and the col- 
umn-directional wiring 3 have wiring resistance 4 and 5, 
wiring inductance 6 and 7, and wiring capacitance 8. In 
addition, although the device is shown in a 4 x 4 matrix 

15 for the convenience of illustration, of course, the scale 
of the matrix is not necessarily restricted to this, but in 
the case of, for example, a multi-electron beam source 
for an image display unit, a sufficient number of devices 
for performing desired image display are arranged and 

20 wired. 

[001 6] In a multi-electron beam source where the ma- 
trix wiring of electron emission devices is performed, 
proper electric signals are applied to the wirings in the 
row and column directions so as to make a desired elec- 

25 tron beam output. 

[0017] A pulse width modulation waveform is shown 
in FIG. 32. For example, so as to drive electron emission 
devices in an arbitrary row in a matrix, selection potential 
Vs is applied to the wiring in the direction of a row se- 

30 lected, and non-selective potential Vns is simultaneous- 
ly applied to the row-directional wirings not selected. 
Drive potential Ve for outputting an electron beam is ap- 
plied to column-directional wirings in synchronizing with 
this. According to this method, a voltage of Ve - Vs is 

35 applied to the electron emission devices in the row se- 
lected, and a voltage of Ve - Vns is applied to the elec- 
tron emission devices in the non-selective rows. An 
electron beam with desired intensity is outputted only 
from an electron emission device in a selected row if Ve, 

40 Vs, and Vns are made to be proper potential. I n addition , 
since the response speed of a cold cathode device is 
high, if the length of time for applying drive potential Ve 
is changed, it is possible to change the length of time 
when the electron beam is outputted. Similarly, it is pos- 

45 sible to control an electron beam also by a method which 
is called level modulation and which controls luminance 
brightness by changing potentials and current values 
which are applied to the column-directional wirings. 
[0018] By the way, in a display unit having the effec- 

50 tive pixel count of 1 920 x 1 080, a frame rate of 60 Hz, 
and 10-bit gradation, in the case of a pulse level modu- 
lation, in letting a level of energy, applied to a device, be 
Pi, the resolution of Pi/2 10 = Pi/1024 is needed. In volt- 
age drive, since pi becomes several volts, the resolution 

55 of several millivolts is required in a driving waveform 
over the whole screen of 1 920 x 1 080 pixels. It is difficult 
to realize this value when considering characteristics of 
an IC, a printed circuit board, and a power supply which 
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constitute a drive circuit. 
[001 9] On the other hand, in the case of a pulse width 
modulation, time for driving one scanning line is 1/(60 
x 1 080) « 1 5 u.sec. When 1 0-bit pulse width modulation 
is performed, minimum pulse width is 1/(60 x 1080 x 
2 10 ) = 15 ns, and hence, the minimum pulse width res- 
olution of 15 ns is needed. 

[0020] However, wiring shown in FIG. 31 is equivalent 
to a low-pass filter with a cut-off frequency determined 
by wiring inductance (L) , wiring capacitance (c) , and wir- 
ing resistance (R). When signal wiring and display wiring 
which have such low-pass characteristics are driven by 
a line sequential-pulse width modulation (PWM) driving 
system consisting of frequency spectrum components 
higher than a cut-off frequency, as shown in FIG. 33, 
leading and trailing waveform of a PWM waveform 
which is applied to a device become dull, and hence, 
display quality in low luminance brightness is degraded. 
In particular, a synthetic waveform with an output wave- 
form of a scan circuit 11 which is applied to the electron 
emission device 1 becomes a waveform whose level be- 
comes low when the pulse width modulation driving 
waveform at low gradation is applied from an informa- 
tion electrode drive circuit 10. That is, since a level of a 
driving waveform which consists of only high frequency 
spectrum components, that is, a pulse width modulation 
driving waveform at low gradation becomes low, it is not 
possible to display an image at desired gradation in a 
low gradation region. 

[0021] In addition, also when a constant current pulse 
with short time length is supplied from a control constant 
current source to a multi-electron source where great 
many electron emission devices are wired in a matrix, 
electrons are hardly emitted. When a constant current 
pulse is supplied for a comparatively long period, of 
course, electrons begin to be emitted, but long leading 
time was needed until electron emission began. 
[0022] FIG. 33 is a time chart for explaining this, and 
as shown in the figure, even if a control constant current 
source supplies a short current pulse, a current If hardly 
flows into an electron emission device. In addition, even 
when a long pulse is supplied, the drive current If which 
flows into an electron emission device becomes a wave- 
form with large leading time. Although a cold cathode 
type electron emission device itself has high-speed re- 
sponding capability, a current waveform supplied to the 
electron emission device becomes dull, and hence, a 
waveform of an emission current le is also deformed as 
a result. 

[0023] In a multi-electron source where simple matrix 
wiring is performed, as the scale of a matrix is enlarged, 
parasitic capacitance (wiring capacity) increases in con- 
nection with it. Main portions of parasitic capacitors exist 
in intersections of row-directional wiring and column-di- 
rectional wiring, and this equivalent circuit is shown in 
FIG. 34. When a control constant current source 9 con- 
nected to column-directional wiring 3 starts to supply a 
constant current II, the current is spent for charging a 



6 

parasitic capacitor 8 in a starting stage not to serve as 
a drive current of the electron emission device 1 . For 
this reason, the effective response speed of the electron 
emission device falls. 
5 [0024] In addition, as for voltage drive, there are the 
following troubles to be solved. Generally, on a display 
unit using a device where a current flows with drive as 
a light emitting device, for example, LED, EL, FED, SED, 
etc., wiring resistance is designed to be low. Hence, its 
10 equivalent circuit is a model which is shown in FIG. 31 
and is constituted by parasitic capacitance, parasitism 
resistance, and parasitism inductance. If a conventional 
voltage driving method is applied to such a circuit, since 
a charging current i flows into a parasitic capacitance by 
15 the application of a voltage, a leading edge of a driving 
waveform becomes dull. Furthermore, by a self-induc- 
tion action of the parasitism inductance, electromotive 
force U = -Lx(di/dt) arises, overshoot and ringing arise, 
and the application of an abnormal voltage to a light 
emitting device arises. 

[0025] In recent years, demand for display units with 
a large area, high resolution, and fine gradation has 
been remarkable, parasitic inductance and parasitic ca- 
pacitance of wiring have increased in connection with it, 
and hence, elimination of gradations in a low luminance 
brightness region which is caused by dullness, an over- 
shoot, and ringing of a leading edge of a driving wave- 
form have become increasingly important problems to 
be solved. 

[0026] In addition, it has become a problem that it be- 
comes impossible that a driving waveform by simple 
pulse width control and pulse height value control guar- 
antees the monotonicity of gradation because of chang- 
es and dispersion of voltage/luminescence intensity 
characteristics of light emitting devices. 
[0027] In addition, for example, as disclosed in Japa- 
nese Patent Application Laid-Open No. 09-319327, a 
method and the like have been performed, the method 
in which a charge voltage is applied in addition to a drive 
current pulse by a control current source for supplying 
a drive current pulse to the above-described cold cath- 
ode device, a voltage source for charging parasitic ca- 
pacitors of a multi-electron source at high speed, and 
charge voltage application means of electrically con- 
necting the above-described voltage source with the 
above-described column-directional wiring in synchro- 
nizing it with an leading edge of the above- described 
drive current pulse, until charging to the parasitic capac- 
itance of wiring is almost completed. When such drive 
is performed, it becomes possible to guarantee the lin- 
earity of gradation. 

[0028] In addition, in Japanese Patent Application 
Laid-Open No. 8-22261 , a driving waveform which has 
a period longer than a period of a time slot of a conven- 
tional PWM waveform is realized by dividing each word 
of a digital image signal into a plurality of sub words and 
assigning a PWM waveform, whose level is low, to a low- 
er sub word, and a PWM waveform, whose level is high, 



EP1 267 319 A2 



25 



30 



35 



40 



45 



50 



4 



7 



EP1 267 319 A2 



8 



to a higher sub word, and the deterioration of image dis- 
play quality in low luminance brightness is prevented. 
[0029] In addition, in Japanese Patent Application No. 
1 0-39825, a problem of necessity of frequency increase 
of a PWM operating frequency which poses a problem 
with an increase of gradations is solved by making it 
possible to reduce a frequency in a puise width modu- 
lation circuit with a drive method of having second pulse 
width modulation output means of outputting a binary 
signal whose high and low voltages are V1 and V2 re- 
spectively according to a luminance signal, and second 
pulse width signal output means of cutting the above- 
described binary signal in predetermined pulse width 
according to the above-described luminance signal. 
[0030] Furthermore, in Japanese Patent Application 
No. 11 -01 5430, fine gradation is easily realized by using 
a pulse driving waveform including information on M X 
N gradations, defined by pulse width control corre- 
sponding to M gradations, and pulse height value con- 
trol corresponding to N gradations, as a voltage pulse. 
[0031] However, in the drive by the conventional pulse 
width modulation, there is a further possibility of induc- 
ing large electromagnetic wave noise, i.e., the spurious 
radiation of an electromagnetic wave at leading and 
trailing edges of a driving waveform depending on gra- 
dation. 

[0032] In addition, in a multi-electron beam source 
where many electron emission devices described above 
are arranged in a matrix, there is a problem that a volt- 
age applied to each device becomes smaller as the de- 
vice is apart from its feeding terminal due to a voltage 
drop caused by an influence of its wiring resistance, and 
in consequence, the discharge electron distribution of 
each device does not become uniform. Then, when this 
multi-electron emission device is applied to an image 
display unit, there is a problem that image quality dete- 
riorates due to a voltage drop caused by a wiring resis- 
tor. 

[0033] This will be described by using FIGS. 34 and 
35. FIG. 34 shows an example of a substrate of a multi- 
electron beam source. In the figure, reference numeral 
1 denotes an electron emission device, numeral 2 does 
a selection electrode (row-directional wiring), numeral 3 
does an information electrode (column -directional wir- 
ing), numeral 9 does aselection circuit, numeral 1 0 does 
a modulation circuit, and numeral 1 2 does the substrate. 
[0034] In addition, FIG. 35 is a perspective view of an 
image display panel where the substrate 11 of a multi- 
electron beam source shown in FIG. 34 is used. In the 
figure, reference numeral 13 denotes a metal back, nu- 
meral 14 does a fluorescent screen, numeral 15 does a 
faceplate, and numeral 16 does a current from an elec- 
tron source. 

[0035] Now, it is assumed that a certain selection 
electrode 2 is selected and all the pixels connected to 
the selection electrode lit up. An equivalent circuit at this 
time is shown in FIG. 36. In the figure, reference numeral 
16 denotes a current component which flows from an 



information electrode to the selection electrode through 
an electron emission device, and numeral 4 does a re- 
sistive component of the selection electrode. 
[0036] A current flowing into the selection electrode 
5 to each device is made into the same value If, and it is 
assumed that the resistance of a selection electrode per 
pixel is rf. Potential on the selection electrode at this time 
is calculated. 

[0037] A current which flows into Rf5 is If, and an 
amount of a voltage drop by Rf5 is lf-rf . A current which 
flows into Rf4 is 2*lf, and an amount of a voltage drop 
by Rf4 is 2-IF-rf. Similarly, an amount of a voltage drop 
in each resistive component is calculated, and the result 
of calculating the potential of each portion on the selec- 
tion electrode is shown in FIG. 37. In addition, here, the 
case of Ve > Vs is shown. 

[0038] A remarkable point is that potential rises as a 
place is apart from a feeding point since currents flow 
into the selection electrode 2 when potential Vs is out- 
putted from the selection circuitry 9 which is the feeding 
point, and the potential rises at the most distant edge by 
21 -lf-rf. FIG. 38A, 38B and 38C show driving waveforms 
applied to a pixel in the most distant edge at this time. 
In the figure, FIG. 38A shows a potential waveform ap- 
plied to a selection electrode, FIG. 38B shows a poten- 
tial waveform applied to an information electrode, and 
FIG. 38C shows a voltage waveform applied to the se- 
lected electron emission device. It can be seen that a 
voltage applied to the device falls because selection po- 
tential becomes Vs 1 from Vs. 

[0039] Although this voltage dispersion does not pose 
a problem so much when a resistive component of a se- 
lection electrode is very small, for example, if the resis- 
tive component of a selection electrode is large due to 
an increase of screen size of an image display unit etc., 
the dispersion of the voltage cannot be disregarded. In 
addition, when a pixel count increases and the current 
which flows into a selection electrode increases, the 
voltage dispersion becomes large. 
[0040] When this voltage dispersion arises, a voltage 
applied to an electron emission device differs every de- 
vice, and in particular, an electron emission device near 
a feeding point and an electron emission device which 
is apart from the feeding point are not given the same 
voltage, and hence, difference arises in the amount of 
electron emission. This appears as the difference of lu- 
minance brightness between pixels which are elements 
which emit light by an electron beam emitted from its 
electron emission device, and leads to the degradation 
of display quality as an image display unit. 
[0041] It is disclosed in Japanese Patent Application 
Laid-Open No. 10-112391 to make plenty of light emit- 
ting devices emit light uniformly, and to realize excellent 
characteristics as an image display unit by paying atten- 
tion to the resistance of a wiring electrode and a current 
flowing in the wiring electrode in an X-Y matrix type or- 
ganic EL display unit, adopting a drive method of per- 
forming driving with a current source connected to a volt- 
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age source with a drive voltage of Vcc while providing 
a data electrode in low resistance wiring and a scan 
electrode in high resistance wiring, and making the drive 
voltage Vcc at this time be equal to or more than a spe- 
cific voltage satisfying conditions under which the cur- 
rent source surely performs constant current operation 
even if there is dispersion in wiring resistance depend- 
ing on a location of a light emitting device which is a 
pixel. 

[0042] In addition, it is mentioned in Japanese Patent 
No. 3049061 to divide a trailing edge of a signal, applied 
to modulation wiring (information signal wiring), into a 
plurality of steps. In addition, in Japanese Patent Appli- 
cation Laid-Open No. 7-1 81 91 7, a method is mentioned, 
the method which is for generating a driving waveform 
by using two or more voltages corresponding to a sin- 
gular or plural number of unit drive blocks and stacking 
these unit drive blocks in the pulse width and level di- 
rections. 

SUMMARY OF THE INVENTION 

[0043] An aspect of the drive circuit of a light-emitting 
device according to the present invention is configured 
as follows. To emit the light-emitting device with the 
brightness corresponding to brightness data, the drive 
circuit drives the light-emitting device by the driving 
waveform whose pulse width is controlled in a unit of 
slot width At and whose level in each slot is controlled 
at least in n stages of A 1 to A n (where n is an integer 
equal to or larger than 2, and 0 < A 1 < A 2 < ... < A n ) . In 
the circuit, all driving waveforms having a rising portion 
up to a predetermined level A k (where k is an integer 
equal to or larger than 2 and equal to and smaller than 
n) rise up to the predetermined level A k through each 
level in order at least by one slot from a level A, to a 
level Ak^. 

[0044] According to the aspect of the present inven- 
tion, the light-emitting device can be correctly driven by 
stepwise raising the driving waveform. When the rising 
portion of the driving waveform has a level higher than 
the level A k , it is not desired to raise the driving wave- 
form suddenly after the level A k has been reached. 
Therefore, in the above mentioned aspect of the present 
invention, it is desired that the level A k is the maximum 
level of the driving waveform (at least in the rising por- 
tion). 

[0045] Another aspect of the drive circuit of a light- 
emitting device according to the present invention can 
be configured as follows. To emit the light-emitting de- 
vice with the brightness corresponding to brightness da- 
ta, the drive circuit drives the light-emitting device by the 
driving waveform whose pulse width is controlled in a 
unit of slot width At and whose level in each slot is con- 
trolled at least in n stages of A n to A n (where n is an 
integer equal to or larger than 2, and 0 < A., < A 2 < ... < 
A n ) . In the circuit, all driving waveforms having a falling 
portion from a predetermined level A k (where k is an in- 



teger equal to or larger than 2 and equal to and smaller 
than n) falls from the predetermined level A k through 
each level from a level A^ to a level A 1 in order at least 
by one slot. 

5 [0046] A further aspect of the drive circuit of a light- 
emitting device according to the present invention can 
be configured as follows. To emit the light-emitting de- 
vice with the brightness corresponding to brightness da- 
ta, the drive circuit drives the light-emitting device by the 

10 driving waveform whose pulse width is controlled in a 
unit of slot width At and whose level in each slot is con- 
trolled at least in n stages of A 1 to A n (where n is an 
integer equal to or larger than 2, and 0 < fi^ < A 2 < ... < 
A n ). In the circuit, the driving waveform has: a rising por- 

15 tion up to a predetermined level A k (where k indicates 
an integer equal to or largerthan 2 and equal to or small- 
er than n) through each level from a level A 1 to a level 
A k ^ in order at least by one slot; and a falling portion 
from the level A k through each level from the level A k .«, 

20 to the level A n in order at least by one slot (hereinafter 
referred to as a third driving method). 
[0047] A light-emitting device can be correctly driven 
using the drive circuit according to this aspect of the 
present invention. 

25 [0048] In each of the above mentioned aspects ac- 
cording to the present invention, the level immediately 
before rising up to the level A 1 in the rising portion of the 
driving waveform can be a value at which the light-emit- 
ting device cannot be practically driven. Similarly, the 

30 level immediately after falling from the level A 1 in the 
falling portion of the driving waveform can be a value at 
which the light-emitting device cannot be practically 
driven. The level at which the light-emitting device can- 
not be practically driven refers to a value at which the 

35 light-emitting device does not emit light corresponding 
to the lowest level of gray scale of brightness data when 
one slot of the level is input. Practically, the level which 
does not exceed a drive threshold of the light-emitting 
device is selected. 

40 [0049] Assume that the light-emitting device is as- 
signed a basic potential (for example, the selected po- 
tential for use in the matrix drive described later). When 
the light-emitting device is assigned the driving wave- 
form according to this aspect of the present invention, 

45 the potential difference between the potential corre- 
sponding to each portion of the driving waveform (the 
potential when a level is controlled based on the poten- 
tial control, or the potential for passing a current when 
the level is controlled based on the current control) and 

so the basic potential is assigned to the light-emitting de- 
vice. When the potential difference generates non-ig- 
norable light emission on the display corresponding to 
the brightness data, the level indicates the drive thresh- 
old of the light-emitting device. 

55 [0050] A desired configuration can be obtained by set- 
ting the level at which the light-emitting device is not 
practically driven before the driving waveform rises up 
to A 1 equal to the level at which the light-emitting device 
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is not practically driven after the driving waveform falls 
fromA^ If the level (high or low) of a level is determined, 
a higher level refers to a value which provides more driv- 
ing energy for a light-emitting device, but does not al- 
ways relate to the level of the potential. For example, 
when predetermined potential is assigned as basic po- 
tential and the potential of a driving waveform is lower 
than the predetermined potential, the level whichever 
has lower potential is higher. 

[0051] With the above mentioned configuration, a 
driving waveform can be preferably set by setting as fol- 
lows the relationship between a first driving waveform 
and a second driving waveform obtained by increasing/ 
decreasing the driving energy of the first driving wave- 
form driving a light-emitting device. That is, when the 
slot in which the driving waveform rises up to the level 
A 1 is defined as a first slot, the levels of the first to a (k- 
1)th slot are respectively A 1 to A k . v the level of a k-th 
slot and a (N k +k-1)th slot is A k , and the levels of an 
(N k +k)th to an (N k +2(k-1))th slots are level A k ^ to ievel 
A 1f based on which another driving waveform is ob- 
tained by one level increasing driving energy for driving 
the light-emitting device into the level A 1 for the (N k +2k- 
1)th slot, thereafter one level increasing the driving en- 
ergy by increasing the level from A 1 to A 2 in the N k +2(k- 
1 )th slot, and increasing the driving energy by increasing 
the level from A k .i to A k in the (N k +k)th slot. 
[0052] That is, the driving waveform obtained by one 
level increasing the driving energy of the driving wave- 
form for driving the light-emitting device having a falling 
portion to a level at which the light-emitting device can- 
not be practically driven through each level from a level 
A k to a value smaller than the level A k in order by one 
slot has a waveform obtained by increasing to A 1 the 
level of the slot subsequent to the slot having the level 
A 1 in the falling portion of the driving waveform in the 
preceding stage, thereafter one level increasing the en- 
ergy for driving the light-emitting device with one level 
increasing the ievel of the slot before the one in which 
the level is one level increased in the driving waveform 
in the two stages before. 

[0053] The aspect of the present invention defines the 
waveform of a drive signal. When the aspect of the 
present invention relates to the second driving wave- 
form obtained by one level increasing the drive energy 
of the first driving waveform corresponding to a certain 
level of energy, it does not limit a timing of applying the 
first and second driving waveforms in a predetermined 
period. For example, in the configuration in which the 
first driving waveform is set up from the second slot of 
a predetermined period when the first driving waveform 
is used, when the second driving waveform is used, the 
second driving waveform is included in an embodiment 
of setting up the second driving waveform from the first 
slot in the predetermined period. That is, the embodi- 
ment of the present invention is not limited to the con- 
figuration in which the timing of the rise of the first driving 
waveform is the same as the timing of the rise of the 



second driving waveform in a predetermined period (for 
example, a selection period in the matrix drive as de- 
scribed later). 

[0054] Each of the above mentioned aspects of the 
5 present invention can also be described as follows. That 
is, according to a driving method of the present inven- 
tion, the driving waveform obtained by one level increas- 
ing the driving energy of the driving waveform for driving 
the light-emitting device having a falling portion to a level 
10 at which the light-emitting device cannot be practically 
driven through each level from a level A k to a value 
smaller than the level A k in order by one slot has a wave- 
form obtained by increasing to A 1 the level of the slot 
subsequent to the slot having the level A 1 in the falling 
15 portion of the driving waveform in the preceding stage, 
thereafter one level increasing the energy for driving the 
light-emitting device with one level increasing the level 
of the slot before the one in which the level is one level 
increased in the driving waveform in the two stages be- 
fore. 

[0055] Thus, by setting the relationship among the 
driving waveforms as described above, a change of a 
level in the consecutive slots in the falling portions of the 
respective driving waveforms can be within one level. 
[0056] Especially, the relationship in which the driving 
waveform obtained by one level increasing the energy 
for driving the light-emitting device of the preceding driv- 
ing waveform has the waveform obtained by one level 
increasing the level of the slot before the one in which 
the level is one level increased over the driving wave- 
form of the two stages before can preferably apply the 
configuration in which the driving waveform depending 
on the relationship is satisfied by a series of driving 
waveforms up to the driving waveform whose level of 
the slot in which the level is increased from the driving 
waveform in the preceding stage and has a level one 
level higher than the level A k . The driving waveform to 
be obtained by one level increasing the last driving 
waveform of the series of driving waveforms can be ob- 
tained as a waveform obtained by changing into A 1 the 
level of the slot subsequent to the slot having the level 
A 1 in the falling portion of the last driving waveform. 
[0057] Furthermore, the following process can be ap- 
plied when the level A k is the maximum permissible lev- 
el, or when the update of the level is to be avoided if 
possible. That is, the relationship in which the driving 
waveform obtained by one level increasing the energy 
for driving the light-emitting device of the preceding driv- 
ing waveform has the waveform obtained by one level 
increasing the level of the slot before the one in which 
the level is one level increased over the driving wave- 
form of the two stages before can preferably apply the 
configuration in which the driving waveform depending 
on the relationship is satisfied by a series of driving 
waveforms up to the driving waveform whose level of 
the slot in which the level is increased from the driving 
waveform in the preceding stage and has a level one 
level higher than the level A k . The driving waveform to 
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be obtained by one level increasing the last driving 
waveform of the series of driving waveforms can be ob- 
tained as a waveform obtained by changing into A A the 
level of the slot subsequent to the slot having the level 
A 1 in the falling portion of the last driving waveform. 
[0058] Furthermore, a series of driving waveforms 
having different driving energy in each stage can be set 
as follows. That is, when the slot in which the driving 
waveform rises up to the level A t is defined as a first 
slot, the levels of the first to a (k-1 )th slot are respectively 
A 1 to A M , the level of a k-th slot and a (N k +k-1)th slot 
is A k , and the levels of an (N k +k)th to an (N k +2(k-1))th 
slots are level A^ to level A 1f based on which another 
driving waveform is obtained by one level decreasing 
driving energy for driving the light-emitting device from 
A k to A k . 1 for the k-th slot, thereafter one level decreas- 
ing the driving energy by increasing the level from A k-1 
to A k . 2 in the (k-1)th slot, and increasing the driving en- 
ergy by increasing the level from A 1 to the level at which 
the light-emitting device cannot be practically driven in 
the first slot. 

[0059] The aspect of the p resent invention defines the 
waveform of a drive signal. When the aspect of the 
present invention relates to the second driving wave- 
form obtained by one level increasing the drive energy 
of the first driving waveform corresponding to a certain 
level of energy, it does not limit a timing of applying the 
first and second driving waveforms in a predetermined 
period. For example, in the configuration in which the 
first driving waveform is set up from the second slot of 
a predetermined period when the first driving waveform 
is used, when the second driving waveform is used, the 
second driving waveform is included in an embodiment 
of setting up the second driving waveform from the first 
slot in the predetermined period. That is, the embodi- 
ment of the present invention is not limited to the con- 
figuration in which the timing of the rise of the first driving 
waveform is the same as the timing of the fall of the sec- 
ond driving waveform in a predetermined period (for ex- 
ample, a selection period in the matrix drive as de- 
scribed later). 

[0060] The embodiment can be described as follows. 
That is, a driving waveform having a rising portion up to 
a level A k in order at least by one slot from each level 
lower than the level A k can be obtained by a driving 
waveform having one level decreased energy for driving 
the light-emitting device as having a waveform indicat- 
ing the level A k .., of the slot which is subsequent to the 
slot having the level A k-1 in the rising portion in the pre- 
ceding driving waveform and whose level is A k , and the 
driving waveform having one level decreased energy for 
driving the light-emitting device has a one level de- 
creased waveform from the level of the slot before the 
one from which the level of the driving waveform is one 
level decreased. 

[0061 ] In each of the above mentioned aspects of the 
present invention, it is preferable that the level in the slot 
between two slots having the level A k is also A k . Since 



the levels can be maintained in the portion other than 
the rising and falling portions, the light-emitting device 
can be more correctly driven and a driving waveform can 
be easily generated. 

[0062] The following configuration is also preferable. 
That is, in the driving waveform including two slots hav- 
ing the level A k and including between the two slots oth- 
er slots having the level A k , with the level A k including 
the case in which k = 1 , and smaller than An, and the 
having two or three slots having the level A k by one level 
increasing the driving energy, the driving waveform hav- 
ing one level further increased driving energy has the 
level of the central slot in the three slots having the level 
A k+1 changed from A k . 

[0063] It is also desired that the driving waveform ob- 
tained by increasing the driving energy for driving the 
light-emitting device more than a predetermined driving 
waveform increases the pulse width rather than raise 
the maximum level. 

[0064] By prioritizing the increase of a pulse width 
over the raise of the level when the driving energy is 
increased, an effect of decreasing a current flowing in a 
moment can be expected. In this process, a preferred 
configuration for prioritizing the increase of the pulse 
width over the raise of the level is configured such that 
the maximum level cannot be exceeded when the driv- 
ing energy is increased by increasing the pulse width of 
any level with the raising or falling through each level at 
least by one slot maintained. 

[0065] The following configuration is also preferred. 
That is, the driving waveform obtained when the maxi- 
mum level of the driving waveform is set high by one 
level increasing the driving energy for driving the light- 
emitting device is configured such that the maximum 
level can continue as much as possible by increasing 
by one the number of unit driving waveform blocks de- 
fined by the level difference A n - A^,..., or A n - A 1 or 
the level difference between the level A 1 and the level 
which is the driving threshold of the light-emitting device, 
and the slot width At. 

[0066] By prioritizing the increase of a pulse width 
over the raise of the level when the driving energy is 
increased, an effect of decreasing a current flowing in a 
moment can be expected. However, in the configuration 
of increasing the pulse width to increase the driving en- 
ergy, it is necessary to use a higher level in a predeter- 
mined stage when the pulse width of a driving waveform 
is limited. When the level, especially the maximum level, 
is seriously considered, it is desired that the unit driving 
waveform blocks forming the driving waveform can be 
arranged such that the maximum level can continue for 
the longest possible period in the range of a stepped 
rise, a stepped fall, or both of them. 
[0067] Furthermore, the following configuration is al- 
so preferable. That is, the driving waveform obtained by 
increasing the driving energy for driving the light-emit- 
ting device on a predetermined driving waveform is con- 
figured by adding unit driving waveform blocks defined 



w 



15 



20 



25 



30 



35 



40 



45 



50 



8 



15 



EP1 267 319A2 



16 



by the level difference A n - A^,..., or A„ - A 1 or the level 
difference between the level A 1 and the level which is 
the driving threshold of the light-emitting device, and the 
slot width At by priority in the position where the maxi- 
mum level A k including k = 1 can be lower. Especially, 
the driving waveform obtained by increasing the driving 
energy for driving the light-emitting device on a prede- 
termined driving waveform is configured by adding unit 
driving waveform blocks defined by the level difference 
A n - An..,,..., or A 2 - A t or the level difference between 
the level A^ and the level which is the driving threshold 
of the light-emitting device, and the slot width At by pri- 
ority in the position where the maximum level A k includ- 
ing k = 1 can be lower, and the maximum level can con- 
tinue the longer. 

[0068] Practically, in the driving waveform whose 
maximum level A k which is the number of slots i is S-2 
(k-1) with the largest number of slots defined as S, the 
driving waveform obtained by one level further increas- 
ing the driving energy by adding the unit driving wave- 
form blocks is the driving waveform having the level of 
an arbitrary slot in the (k+1)th to the (S-k)th slots 
changed from A k to A k+1 . The slot in which the level is 
changed from A k to A k+1 is, for example, either the (k+1 ) 
th slotorthe(S-k)th slot. 

[0069] The driving waveform according to the present 
invention obtained by increasing the maximum level of 
the driving waveform by one level increasing the driving 
energy for driving the light-emitting device on a prede- 
termined driving waveform can be an intermediate con- 
figuration between a configuration of rearranging the 
unit driving waveform blocks such that the maximum 
level can continue as much as possible by increasing 
by one the number of the unit driving waveform blocks 
which is used by the predetermined driving waveform, 
and a configuration obtained by adding by priority the 
unit driving waveform block in the position where the 
maximum level A k including k = 1 can be lower. That is, 
the driving waveform whose maximum level is in- 
creased by one level increasing the driving energy for 
driving the light-emitting device on a predetermined driv- 
ing waveform is obtained by rearranging the unit driving 
waveform blocks such that the maximum level can con- 
tinue for at least two slots by increasing the number of 
the unit driving waveform blocks by one overthe number 
used for the predetermined driving waveform. 
[0070] Furthermore, the present invention also in- 
cludes the configuration in which the maximum level 
does not continue for two or more slots. That is, the driv- 
ing waveform obtained by increasing the maximum level 
by one level increasing the driving energy for driving the 
light-emitting device on a predetermined driving wave- 
form is obtained by rearranging the unit driving wave- 
form blocks such that the maximum level can continue 
for two or more slots by increasing by one the number 
of the unit driving waveform blocks over the number 
used in the predetermined driving waveform. 
[0071] In each of the above mentioned aspects of the 



present invention, it is desired that the driving waveform 
having a level A 1 and the slot width At is configured to 
have the driving energy for emitting light with the bright- 
ness corresponding to substantially 1 LSB of the bright- 

5 ness data. 

[0072] The levels A., to A n can preferably form the 
configurations of different potential. For example, the 
levels A 1 to A n can form the configuration corresponding 
to the potential with which the brightness of the light- 

10 emitting device is substantially 1:2:...:n. Furthermore, 
the levels A 1 to A n can form the configuration corre- 
sponding to the potential with which the level difference 
A m* A m-1 (where m indicates an integer equal to or larger 
than 1 and equal to or smaller than n, and the level A 1 

is js a driving threshold of a light-emitting device) is sub- 
stantially constant. Furthermore, the levels A 1 to A n can 
also be different current values. 
[0073] In addition, with the driving waveform having a 
substantially constant level difference A m - A m .^ (where 

20 m is an integer equal to or larger than 1 and equal to or 
smaller than n, and Aq is a driving threshold of a light- 
emitting device), or A m - A m . 1 > A m . 1 - A m _ 2 for m equal 
to or larger than 2, the level A k indicating the maximum 
level including the value when k = 1 , the level A k smaller 

25 than An , the level of the slot enclosed by the slots having 
the level A k , and the N k +2(k-1) reaching a predeter- 
mined largest number of slots of S (where S indicates 
an integer equal to or larger than 2n-1 ), when the driving 
energy is increased by one level, and when, instead of 

30 changing the level of the slot which is adjacent to the 
slot having the level A^ and has the level at which the 
light-emitting device cannot be practically driven, the 
number of the slots having the levels higher than the 
level A 1 is larger than and an integer closest to 

35 (S-k+2k+1 )/(k+1 ), the driving waveform is changed into 
that in the third driving method having the maximum lev- 
el A k+1 , and the number of the unit driving waveform 
blocks defined by the level difference A m - A m .^ and the 
slot width At larger by one than the above mentioned 

40 driving waveform, the level gets smaller when the driv- 
ing energy is one level increased, and the level of the 
slot closer to the slot one level higher gets one level larg- 
er. 

[0074] With the configuration, the levels At to A n can 
45 have the brightness of the light-emitting device of sub- 
stantially 1: 2: in potential, and the levels A 1 to A n 
can indicate the level difference A^ A m ^ (where m is 
an integer equal to or larger than 1 and equal to or small- 
er than n) substantially constant in potential. The levels 
so A 1 to A n can be configured as having the current value 
having the level of substantially 1 : 2: ...:n. 
[0075] The present invention also includes the follow- 
ing aspects. That is, 

a drive circuit for generating a driving waveform 
55 corresponding to brightness gray-scale data: whose lev- 
el is controlled by a plurality of discontinuous levels in- 
cluding the minimum level corresponding to the non-ze- 
ro brightness gray-scale data and one or more non-min- 
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imum levels corresponding to larger brightness gray- 
scale data; which generates a driving waveform signal 
whose pulse width is controlled by discontinuous pulse 
widths; and whose driving waveform has a portion con- 
trolled by the non-minimum level at the head and the 
end of the driving waveform. 

[0076] The level corresponding to non-zero bright- 
ness gray-scale data refers to a level at which a level at 
which light can be emitted corresponding to the bright- 
ness gray-scale data other than zero by applying the 
driving waveform controlled for the level to a light-emit- 
ting device. 

[0077] The present invention also includes the follow- 
ing aspects. That is, 

a drive circuit for generating a driving waveform 
corresponding to brightness gray-scale data: whose lev- 
el is controlled by a plurality of discontinuous levels in- 
cluding the minimum level corresponding to the non-ze- 
ro brightness gray-scale data and one or more non-min- 
imum levels corresponding to larger brightness gray- 
scale data; which generates a driving waveform signal 
whose pulse width is controlled by discontinuous pulse 
widths; and whose entire driving waveforms have a por- 
tion controlled by the non-minimum level at least at one 
of the head and the end of the driving waveform. 
[0078] The present invention also includes the follow- 
ing aspects. That is, 

a drive circuit for generating a driving waveform 
corresponding to brightness gray-scale data: whose lev- 
el is controlled by a plurality of discontinuous levels in- 
cluding the minimum level corresponding to the non-ze- 
ro brightness gray-scale data, non-minimum levels cor- 
responding to larger brightness gray-scale data, and an 
intermediate level between the minimum level and the 
non-minimum level; which generates a driving wave- 
form signal whose pulse width is controlled by discon- 
tinuous pulse widths; as whose driving waveforms hav- 
ing a portion controlled by the non-minimum level, a por- 
tion controlled by the minimum level is included at the 
head at a predetermined time width, a portion controlled 
by the intermediate level is included immediately after, 
and a portion controlled by the non-minimum level larger 
than the intermediate level is included immediately after 
the portion at a time width larger than the predetermined 
time width; and which generates a driving waveform 
having a portion controlled by the non-minimum level 
larger than the intermediate level at a width larger than 
the predetermined time width. 
[0079] There can be two or more intermediate levels. 
[0080] The present invention also includes the follow- 
ing aspects. That is, 

a drive circuit for generating a driving waveform 
corresponding to brightness gray-scale data: whose lev- 
el is controlled by a plurality of discontinuous levels in- 
cluding the minimum level corresponding to the non-ze- 
ro brightness gray-scale data, non-minimum levels cor- 
responding to larger brightness gray-scale data, and an 
intermediate level between the minimum level and the 



non-minimum level; which generates a driving wave- 
form signal whose pulse width is controlled by discon- 
tinuous pulse widths; as whose driving waveforms hav- 
ing a portion controlled by the non-minimum level, a por- 
5 tion controlled by the minimum level is included at the 
end, a portion controlled by the intermediate level is in- 
cluded immediately before, and a portion controlled by 
the non-minimum level larger than the intermediate level 
is included before the portion controlled by the interme- 
diate level at a time width larger than the predetermined 
time width; and which generates a driving waveform 
having a portion controlled by the non-minimum level 
larger than the intermediate level at a width larger than 
the predetermined time width. 

[0081] The present invention also includes the follow- 
ing aspects. That is, 

in a method of driving the light-emitting device by 
a driving waveform whose pulse width is controlled in a 
slot width At and whose level is controlled in n stages of 
at least A n to A n (where n is an integer equal to or larger 
than 2, and 0 < A 1 < A 2 < ... < A n ) in each slot to emit a 
light-emitting device with the brightness corresponding 
to brightness data, 

a series of predetermined driving waveforms ob- 
tained by one level increasing the driving energy of the 
driving waveform for driving the light-emitting device 
having a falling portion through each level from a level 
A k to a value smaller than the level A k in order at least 
by one slot having a waveform obtained by increasing 
to A., the level of the slot subsequent to the slot having 
the level A 1 in the falling portion of the driving waveform 
in the preceding stage, thereafter one level increasing 
the energy for driving the light-emitting device with one 
level increasing the level of the slot before the one in 
which the level is one level increased in the driving 
waveform in the two stages before, from which a desired 
driving waveform is selected to drive the light-emitting 
device. 

[0082] The series of driving waveforms can be, for ex- 
ample, from the predetermined driving waveform to the 
driving waveform subsequent to the predetermined driv- 
ing waveform, and the driving waveform obtained by in- 
creasing to A 1 the level of the slot subsequent to the slot 
whose level is A-, in the falling portion of the predeter- 
mined driving waveform, and the subsequent driving 
waveforms obtained by one level increasing the driving 
energy for driving the light-emitting device on the driving 
waveform in the preceding stage one level increasing 
the level of one slot before the slot obtained by one level 
increasing the level on the two stages before in the driv- 
ing waveform in the previous driving waveform, thereby 
obtaining one or more driving waveforms and the driving 
waveform in the previous stage in the relation for which 
the level is increased in the slot whose level is the level 
A k . 

[0083] Furthermore, the series of driving waveforms 
can be the subsequent driving waveforms having the 
level A k in the slot in which the level is increased for the 
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driving waveform in the preceding stage, a series of driv- 
ing waveforms having a level one level higher than the 
level A k of the slot before the slot having the level A k in 
the preceding stage in the above mentioned relation, or 
the waveform obtained by increasing the level to A 1 of 
the slot subsequent to the slot whose level is A 1 in the 
falling portion of the driving waveform in the slot in which 
the level of the driving waveform in the preceding stage 
is increased. 

[0084] The aspect of the present invention includes 
the following aspect. That is, in a method of driving the 
light-emitting device by a driving waveform whose pulse 
width is controlled in a slot width At and whose level is 
controlled in n stages of at least A 1 to A n (where n is an 
integer equal to or larger than 2, and 0 < A 1 < A 2 < ... < 
A n ) in each slot to emit a light-emitting device with the 
brightness corresponding to brightness data, 

the driving waveform obtained by one level de- 
creasing the energy for driving the light-emitting device 
from a predetermined driving waveform having a rising 
portion up to the level A k through each level lower than 
the level A k in order at least by one slot has a waveform 
by changing the level A k of the slot subsequent to the 
slot having the level A M in the rising portion of the driv- 
ing waveform in the preceding stage into the level A M , 
and the driving waveform obtained by one level de- 
creasing the energy for driving the light-emitting device 
is obtained by selecting a desired driving waveform from 
a series of driving waveforms obtained by one level de- 
creasing the level of one slot before the slot obtained by 
one level decreasing the level from the driving waveform 
in the two stages before and driving the light-emitting 
device. 

[0085] The aspect of the present invention includes 
the following aspect. That is, 

in a method of driving the light-emitting device by 
a driving waveform whose pulse width is controlled in a 
slot width At and whose level is controlled in n stages of 
at least A 1 to A n (where n is an integer equal to or larger 
than 3, and 0 < < A 2 < ... < A n ) in each slot to emit a 
light-emitting device with the brightness corresponding 
to brightness data, 

a plurality of driving waveform corresponding to 
plural pieces of brightness data have rising portions up 
to a predetermined level A k (where k indicates an integer 
equal to or larger than 3 and equal to or smaller than n), 
and includes a driving waveform having a rising portion 
up to the predetermined level A k through each level from 
a level A-j to a level A k ..| in order at least by one slot. 
[0086] The aspect of the present invention includes 
the following aspect. That is, 

in a method of driving the light-emitting device by 
a driving waveform whose pulse width is controlled in a 
slot width At and whose level is controlled in n stages of 
at least A 1 to A n (where n is an integer equal to or larger 
than 3, and 0 < A 1 < A 2 < ... < A n ) in each slot to emit a 
light-emitting device with the brightness corresponding 
to brightness data, 



a plurality of driving waveform corresponding to 
plural pieces of brightness data have falling portions to 
a predetermined level A k (where k indicates an integer 
equal to or larger than 3 and equal to or smaller than n), 
5 and includes a driving waveform having a falling portion 
from the predetermined level A k through each level from 
a level A k>1 to a level in order at least by one slot. 
[0087] In each of the above mentioned aspects of the 
present invention, the light-emitting devices are a plu- 
10 rality of light-emitting device forming a matrix display, 
and apply to each light-emitting device the driving wave- 
form corresponding to respective brightness data. 
[0088] The present invention also includes the follow- 
ing configuration as an aspect of the display device ac- 
15 cording to the present invention. 

[0089] In a display device having a multilight-emitting 
device by matrix-wiring a plurality of light-emitting de- 
vices using scanning signal wiring and information sig- 
nal wiring, a scanning circuit connected to the scanning 
signal wiring, and a modulation circuit connected to the 
information signal wiring, 

the modulation circuit drives a light-emitting de- 
vice selected by the scanning circuit in each of the above 
mentioned driving methods. 

[0090] Practically, the scanning circuit sequentially 
selects each scanning signal wiring, assigns selected 
potential as basic potential to the selected scanning sig- 
nal wiring, and assigns to a plurality of light-emitting de- 
vices connected to the selected scanning signal wiring 
a signal having the above mentioned driving waveforms 
through a plurality of information signal wiring to which 
the elements are connected. 

[0091] With the configuration, it is desired that the 
time from starting the rise of the driving waveform to the 
reaching the maximum level A k can be set such that the 
time can be substantially equal to or larger than a time 
constant of 0% to 90% depending on the load of the in- 
formation signal wiring of the multilight-emitting device 
and the driving capability of the drive circuit. 
[0092] The time constant of 0% to 90% is used in 
measuring a driving waveform at a portion where the 
driving waveform is supplied to the wiring, and refers to 
the time required to reach the potential 0.9 times as high 
as the potential difference from the time when the po- 
tential starts changing in the portion when the driving 
waveform rises up to the desired potential. By raising 
the driving waveform in a time substantially equal to or 
longer than the time constant of 0% to 90%, a voltage 
90% or more as high as the voltage to be applied to both 
ends of the electron sources can be applied, thereby ob- 
taining the brightness of 90% or more than the desired 
amount of light emission. 

[0093] With the configuration of distributing an electric 
current concurrently flowing through a plurality of infor- 
mation signal wirings, it is desired that the driving wave- 
form to be applied to a part of the above mentioned plu- 
rality of information signal wirings is controlled such that 
the rise can start in the first half of the selection period, 
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and the driving waveform to be applied to another part 
of the information signal wiring is controlled such that 
the fall can start in the second half of the selection pe- 
riod. In one selection period, a plurality of slots are set 
to control the pulse width. Practically, the driving wave- 
form to be applied to a part of the above mentioned plu- 
rality of information signal wirings is applied such that 
the driving waveform can rise from the first (or close to 
first) slot for the pulse width control in the selection pe- 
riod independent of the corresponding driving energy 
(gray-scale), and the driving waveform to be applied to 
the remaining information signal wiring is applied such 
that the driving waveform can rise in the last (or close 
to the last) slot for the pulse width control in the selection 
period independent of the corresponding driving energy, 
thereby distributing the current concurrently flowing in a 
plurality of information signal wirings. 
Specifically, it is desired that the information signal wir- 
ing in which the rise timing of the driving waveform to 
be applied set in the first half in the selection period and 
the information signal wiring in which the fall timing of 
the driving waveform to be applied set in the second half 
in the selection period can be alternately arranged. At 
this time, it is desired that the time axis of the driving 
waveform can be configured opposite between a part of 
the plurality of information signal wiring and the remain- 
ing portions. 

[0094] With the above mentioned configuration, the 
modulation circuit receives R-bit brightness data as im- 
age data, the pulse width is controlled within the range 
of the number of slots of 2 P , and the level is controlled 
at the n = 2° stage. It is desired to set the relation of R 
< P+Q for the data of R, P, and Q. 
[0095] The present invention also includes the follow- 
ing aspect. That is, 

in a display device having a multilight-emitting de- 
vice by matrix-wiring a plurality of light-emitting devices 
using scanning signal wiring and information signal wir- 
ing, a scanning circuit connected to the scanning signal 
wiring, and a modulation circuit connected to the infor- 
mation signal wiring, 

the modulation circuit includes a circuit for control- 
ling a pulse width of a unit pulse of a slot width At in a 
range of 0 to 2 P to display R-bit brightness data to be 
input as image data, and a circuit for controlling a level 
within a range of the first to the 2 Q -th level of a level 
level, and the data of the R, P, and Q has the relation of 
R < P+Q. 

[0096] A light-emitting device according to the present 
invention can be an LED, an EL, and an electron emis- 
sion device. The electron emission device does not emit 
light itself, but can be used as a light-emitting device 
using an object fluorescent through emitted electrons. 
The electron emission device can be a cold cathode de- 
vice. A field emission (FE) type electron emission de- 
vice, and an MIM type electron emission device can be 
preferably used. Especially, a surface conduction type 
emission device (SCE) can be preferably used. The sur- 



face conduction type emission device can generate a 
number of devices with uniform electron emission char- 
acteristic, and is a desired device. 
[0097] According to the driving method of the present 
5 invention, a combination use of pulse width control and 
pulse level control enables the resolution of a level of 
pulse level control, that is, the minimum level difference, 
to be set as an easily realized value. Furthermore, the 
resolution of the pulse width control, that is, the slot 
width can be larger to lower the maximum frequency of 
a drive signal and the maximum level. Especially, by 
raising or dropping the driving waveform in a stepped 
form, the levels of the rising or falling portions can be 
protected against a sudden change. Thus, for example, 
an unnecessary radiation can be suppressed. Further- 
more, an irregular driving waveform can be reduced to 
prevent the deterioration of the gray-scale characteristic 
at a low gray scale level. In addition, the occurrence of 
overshoot or ringing can be suppressed, and the appli- 
cation of an abnormal voltage to a light-emitting device 
can be prevented. 

BRIEF DESCRIPTION OF THE DRAWINGS 



25 [0098] 

FIG. 1 is a block diagram of a multi-electron source 
drive circuit according to an embodiment of the 
present invention; 
30 FIG. 2 is a block diagram of a modulation circuit in 
FIG. 1; 

FIG. 3 is a block diagram of a PWM circuit in FIG. 2; 
FIG. 4 is a block diagram showing an example of 
the principal part structure of the PWM circuit of 
35 FIG. 3; 

FIG. 5 is a block diagram showing another example 
of the principal part structure of the PWM circuit of 
FIG. 3; 

FIG. 6 is a circuit diagram showing an example of 
40 an output stage circuit in FIG. 2; 

FIG. 7 is a graph showing the voltage/luminescence 
intensity characteristics of a light-emitting device 
(current equal dividing); 

FIG. 8 is a waveform chart showing an example of 
45 V14 driving waveforms by the current equal divid- 
ing; 

FIG. 9 is a structural diagram of an rXs matrix type 
image display unit; 

FIG. 10 is a waveform chart of a driving waveform 
50 jn a pulse width modulation circuit by conventional 
technology in the case that luminance brightness 
data is between zero and 1/4 of the maximum lumi- 
nance brightness; 

FIG. 1 1 is a waveform chart of driving waveforms in 
55 a pulse width modulation circuit by a first embodi- 
ment in the case that luminance brightness data is 
between zero and 1/4 of the maximum luminance 
brightness; 
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FIG. 1 2 Is an equivalent circuit diagram of the multi- 
light emitting device in FIG. 1; 
FIG. 13 is a diagram of a single bit column-direc- 
tional wiring model of the equivalent circuit diagram 
in FIG. 12; 5 
FIG. 14 is a voltage waveform chart at an end of 
row-directional wiring in the model in FIG. 13; 
FIG. 1 5 is a current waveform chart flowing into col- 
umn-directional wiring in the model in FIG. 13; 
FIG. 16 is a voltage waveform chart at an end of 10 
row-directional wiring in the case of driving with a 
conventional waveform; 

FIG. 1 7 is a current waveform chart flowing into col- 
umn-directional wiring in the case of driving with a 
conventional waveform; 15 
FIG. 1 8 is a waveform chart showing an example of 
V14 driving waveforms by voltage equal dividing; 
FIG. 19 is a graph showing the voltage/lumines- 
cence intensity characteristics of a light emitting de- 
vice (voltage equal dividing); 20 
FIG. 20 is a graph showing linearity in V14 driving 
in FIGS. 8 and 18; 

FIG. 21 is a waveform chart showing an example of 
Vn driving waveforms; 

FIG. 22 is a waveform chart showing modulation 25 
waveforms and a current, which flows in arbitrary 
scan wiring Yq, in V14 driving (front alignment); 
FIG. 23 is a waveform chart showing modulation 
waveforms and a current, which flows in arbitrary 
scan wiring Yq, in Vn driving (front alignment); 30 
FIG. 24 is a waveform chart showing modulation 
waveforms and a current, which flows in arbitrary 
scan wiring Yq, in the case of using front and back 
alignment in Vn driving; 

FIG. 25 is a waveform chart showing an example of 35 
new Vn driving waveforms; 
FIG. 26 is a waveform chart showing an example of 
modulation waveforms and a current, which flows 
in arbitrary scan wiring Yq, in new Vn driving (front 
alignment); *o 
FIG. 27 is a waveform chart showing modulation 
waveforms and a current, which flows in arbitrary 
scan wiring Yq, in the case of using front and back 
alignment In new Vn driving; 
FIG. 28 is a schematic diagram showing an exam- 
pie of the device structure of a surface conductive 
emission device; 

FIG. 29 is a sectional view showing an example of 
the device structure of an FE type device; 
FIG. 30 is a sectional view showing an example of so 
the device structure of an MIM type device; 
FIG. 31 is a wiring diagram showing the electric 
structure of a multi-electron beam source; 
FIG. 32 is an output waveform chart of a conven- 
tional scan circuit and a conventional pulse width 55 
modulation circuit; 

FIG. 33 is an output waveform chart of a conven- 
tional scan circuit and a conventional pulse width 



modulation circuit; 

FIG. 34 is a structural diagram of a multi-electron 
beam source; 

FIG. 35 is an exploded perspective view of the multi- 
electron source in FIG. 34; 
FIG. 36 is an equivalent circuit diagram at the time 
when all the pixels, connected to a certain selection 
electrode light up; 

FIG. 37 is a graph showing the voltage of each por- 
tion on a selection electrode in the circuit shown in 
FIG. 36; 

FIGS. 38A, 38B and 38C are charts of driving wave- 
forms applied to a pixel in the most distant edge in 
the circuit shown in FIG. 36; and 
FIG. 39 is a waveform chart of signals TV4 to TV1 
and GV4to GVO in FIG. 6. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0099] In one of preferable embodiments of the 
present invention, as for a driving waveform at the time 
when the number of slots whose maximum levels are 
A k becomes N k (here, N k is an integer which is one or 
more) from N k -1 by increasing the drive energy of a driv- 
ing waveform by one step, by letting a slot where the 
waveform rises to a level A^ be a first slot, let levels of 
first to (k-1)-th slots be A^ to A k ^ respectively, and let 
levels of k-th to (N k +k-1)-th slots be A k , and let levels of 
(N k +k)-th to (N k +2(k-1))-th slots be A^ to A., respec- 
tively. 

Levels of other slots except them are made to be values 
at which a device is not driven substantially. Then, 
against this, a driving waveform having drive energy 
with one more step is obtained by changing the level of 
a (N k +2k-1 )-th slot from the value, at which a device is 
not driven substantially, to A 1t and it is possible to form 
the driving waveform obtained by increasing the above- 
described drive energy at a time by one step by chang- 
ing the level of a (N k +2(k-1))-th slot from A 1 to A 2 here- 
after, and changing the level of a (N k +k)-th slot from A k .., 
to A k . In addition, it is also good to reverse the order of 
this waveform setting method. 
[0100] In order to carry a maximum level, in the case 
that the above-described drive energy is increased by 
one more step for a driving waveform whose above-de- 
scribed maximum level A k is smaller than A n while in- 
cluding the case of k=1 , and in which the number of the 
slots whose levels are the maximum level A k becomes 
three from two, the level of the (k+1)-th slot is changed 
to A k+1 from A k instead of changing the level of the 
above-described (N k +2k-1)-th slot to A 1 from 0. 
[01 01 ] Namely, the driving waveform having the drive 
energy, increased by one more step, for the driving 
waveform where the number of the slots whose levels 
are A k becomes three from two by increasing one more 
step of drive energy for the previous driving waveform 
is made into the geometry of changing the level of a 
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center slot among three slots, having levels of the 
above-described driving waveform which are A k , from 
A k to A k+1 . In addition, It is also good to make the driving 
waveform, having drive energy, increased by one more 
step, for the driving waveform where the number of slots 5 
whose levels are A k becomes four from three by increas- 
ing one more step of drive energy for the previous driv- 
ing waveform, be in the geometry of changing the levels 
of slots except both ends out of the four slots, whose 
levels of the above-described driving waveform are A k , 10 
to A k+1 from A k . Hereafter, the drive method using such 
a driving waveform train is called "V14 driving". 
[0102] Alternatively, in the case that the above-de- 
scribed drive energy is increased by one more step for 
a driving waveform whose above-described maximum 15 
level A k is smaller than A n while including the case of k 
= 1, and in which the above-described (N k +2 (k-1))-th 
slot reaches the maximum slot number S (here, S is an 
integer which is 2n-1 or more), the driving waveform is 
changed into a driving waveform in which pulse width is 20 
the number of slots that is equal to or more than 
(S-k+-2k+1)/(k+1) and closest to this, whose maximum 
level is Ak+1, and which shows step-like leading and 
trailing edges where the number of the above-described 
unit driving waveform blocks Is larger by one than that 25 
of the driving waveform instead of changing the level of 
the above-described (N k +2k-1 )-th slot to A 1 from the lev- 
el at which a device is not driven substantially. Then, if 
there is a plurality of slots whose levels are any values 
of A 1 to A k , and are the same, a level of a slot whose 30 
level is smaller and which is closer to a slot, whose level 
is larger by one step, is enlarged by one step when mak- 
ing the above-described drive energy increase by one 
step further henceforth. 

[0103] Hereafter, the drive method using such a driv- 35 
ing waveform train is called "Vn driving". In this Vn driv- 
ing, in order to maintain monotonicity at the time of car- 
rying a maximum level, it is preferable that a level and 
level difference are A n - A n _., >...> A 2 - A 1 > A 1f or are 
almost constant, and in particular, it is preferable that A n 40 
- A^ =,,.= A 2 - A 1 = A v In addition, it is preferable that 
a unit driving waveform block which is determined by 
level difference A n - A^ or A 2 - A 1f or level difference 
between a level A 1 and a level which becomes a drive 
threshold of a device, and slot width At has the drive 45 
energy which makes the above-described light emitting 
device emit light in luminance brightness corresponding 
to 1 LSB of luminance brightness data (luminance bright- 
ness corresponding to the minimum gradation) respec- 
tively 50 
[01 04] Another method of carrying the maximum level 
forms the above-described driving waveform by prefer- 
entially adding a unit driving waveform block, which is 
determined by level difference A n - A n . 1( .... or A 2 - A 1( 
or level difference between a level A 1 and a level which 55 
becomes a drive threshold of a device, and slot width 
At, to a location where the maximum level A k including 
k = 1 is lower and the maximum levels continue, and 
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changes a level of an arbitrary slot among a (k+1 )-th slot 
to a (S-k)-th slot, and preferably, a level of a leading or 
trailing slot in the above-described range to Ak+1 from 
A k when making the above-described drive energy in- 
crease by one more step for a driving waveform where 
the number of slots whose leveld are the maximum level 
A k is S-2(k-1 ) with letting the maximum number of slots 
be S. Hereafter, the drive method using such a driving 
waveform train is called "new Vn driving". 

(Examples) 

[0105] Hereafter, examples of the present invention 
will be described. 

(Example 1) 

[0106] FIG. 1 is a block diagram of a multi -electron 
source drive circuit according to an example of the 
present invention. This figure shows a multi-electron 
source 1 01 , a modulation circuit 1 02, a scan circuit 1 03, 
a timing generation circuit 1 04, a data conversion circuit 
1 05, and a multi-power source circuit 1 06. A multi-elec- 
tron source 101 is driven in this structure. As shown in 
FIG. 34, the multi-electron source 101 comprises an 
electron source (electron emission device) 1 provided 
in an intersection of row-directional wiring 2 and column- 
directional wiring 3. As an electron source, although the 
SCE type, FE type, and MIM type electron emission de- 
vice are known as described above, in this Example, the 
SCE type electron emission device was used. 
[01 07] The data conversion circuit 1 05 converts drive 
data, used for driving the multi-electron source 101 from 
the external, into a format suitable for the modulation 
circuit 102. The modulation circuit 102 is connected to 
the column-directional wiring of the multi-electron 
source 101, and inputs a modulated signal into the multi- 
electron source 101 according to the drive data, which 
is given data conversion, from the data conversion cir- 
cuit 105. The scan circuit 103 is connected to the row- 
directional wiring of the multi-electron source 101 , and 
selects a row of the multi-electron source 101 to which 
an output of the modulation circuit 102 is applied. Al- 
though line sequential scanning which sequentially se- 
lects a row at a time is generally performed, it is no prob- 
lem to select a plurality of rows or to select a plane, with- 
out being limited to this. The timing generation circuit 
104 generates timing signals for the modulation circuit 
102, scan circuit 103, and data conversion circuit 104. 
The multi-power source circuit 1 06 outputs a plurality of 
supply values, and controls an output value of the mod- 
ulation circuit 102. Generally, although being a voltage 
source circuit, the multi-power source circuit 106 is not 
limited to this. 

[0108] Next, the modulation circuit 102 will be de- 
scribed in detail with a block diagram in FIG. 2. FIG. 2 
is a block diagram showing the internal structure of the 
modulation circuit 1 02. The modulation circuit 1 02 com- 
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prises a shift register 107, a PWM circuit 108, and an 
output stage circuit 109. The modulation data which is 
given format conversion of drive data by the data con- 
version circuit 1 05 is inputted into the shift register 1 07, 
and modulation data according to the column-direction- 
al wiring of the multi-electron source 101 is transmitted 
by the shift register 107. The output stage circuit 1 09 is 
connected to the multi-power source circuit 106, and 
outputs a driving waveform according to the present in- 
vention. The PWM circuit 108 inputs modulation data 
according to the column-directional wiring of the multi- 
electron source 1 01 from the shift register 1 07, and gen- 
erates a pulse width output according to each output 
voltage of the output stage circuit 1 06. In addition, the 
timing signal for the control of the shift register 1 07 and 
PWM circuit 108 is inputted from the timing generation 
circuit 104. 

[0109] Next, the PWM circuit 1 08 will be described in 
detail with a block diagram in FIG. 3, FIG. 3 is a block 
diagram showing the internal structure of the PWM cir- 
cuit 1 08. Although the case of 4 stages of voltage output 
stages circuit will be described as an example here, the 
PWM circuit 108 is not limited to this. The PWM circuit 
108 comprises a latch 110, a V1 start circuit 111, a V2 
start circuit 112, a V3 start circuit 113, a V4 start circuit 
1 1 4, a V1 end circuit 1 1 5, a V2 end circuit 1 1 6, a V3 end 
circuit 117, a V4end circuit 118, a V1 PWM generation 
circuit 1 1 9, a V2 PWM generation circuit 1 20, a V3 PWM 
generation circuit 1 21 , and a V4 PWM generation circuit 
122. The latch circuit 110 latches each modulation data 
outputted from each shift register 107 according to a 
load signal outputted from the timing generation circuit 
1 04. Here, the load signal outputted from the timing gen- 
eration circuit 104 is also used as a start timing signal 
of each PWM signal. 

[01 1 0] The modulation data latched by the latch circuit 
110 is further inputted into the V1 to V4 start circuits 111 
to 114, and the V1 to V4 end circuits 115 to 118. Next, 
a start signal outputted from V1 start circuit 111 and an 
end signal outputted from the V1 end circuit 115 are in- 
putted into the V1 PWM circuit 119, and a PWM output 
corresponding to an output voltage V1 is inputted into 
the output stage circuit 1 09. Similarly, a start signal out- 
putted from V2 start circuit 112 and an end signal out- 
putted from the V2 end circuit 116 are inputted into the 
V2 PWM circuit 1 20, a PWM output corresponding to an 
output voltage V2 is inputted into the output stage circuit 
1 09, a start signal outputted from the V3 start circuit 1 1 3 
and an end signal outputted from the V3 end circuit 1 1 7 
are inputted into the V3 PWM circuit 1 21 , a PWM output 
corresponding to an output voltage V3 is inputted into 
the output stage circuit 1 09, a start signal outputted from 
the V4 start circuit 114 and an end signal outputted from 
the V4 end circuit 1 1 8 are inputted into the V4 PWM cir- 
cuit 122, and a PWM output corresponding to an output 
voltage V4 is inputted into the output stage circuit 109. 
[0111] Here, in order to create a driving waveform ac- 
cording to the present invention, the start signal output- 



ted from the V2 start circuit 1 1 2 is outputted in the timing 
later than the start signal outputted from the V1 start cir- 
cuit 111 , the start signal outputted from the V3 start cir- 
cuit 1 1 3 is outputted in the timing later than the start sig- 

5 nal outputted from the V2 start circuit 112, and the start 
signal outputted from V4 start circuit 1 1 4 is outputted in 
the timing later than the start signal outputted from the 
V3 start circuit 113. Furthermore, the end signal output- 
ted from the V3 end circuit 1 1 7 is outputted in the timing 

10 later than the end signal outputted from the V4 end cir- 
cuit 1 1 8, the end signal outputted from the V2 end circuit 
116 is outputted in the timing later than the end signal 
outputted from the V3 end circuit 1 1 7, and the end signal 
outputted from the V1 end circuit 115 is outputted in the 

15 timing later than the end signal outputted from the V2 
end circuit 116. 

[0112] Next, the V1 to V4 start circuits 111 to 114, V4 
to V1 end circuits 1 1 5 to 1 1 8, and V1 to V4 PWM circuits 
119 to 122 will be described in detail. By showing a first 

20 circuit example in FIG. 4 and a second circuit example 
in FIG. 5, these will be described. 
[0113] FIG. 4 shows circuit configuration for perform- 
ing arrangement so that leading edges of output wave- 
forms to a plurality of modulation signal wiring of the mul- 

25 ti-electron source 101 may be almost aligned. Here, al- 
though only the V1 start circuit 111 , V1 end circuit 115, 
and V1 PWM generation circuit 119 are shown, other 
start circuits, end circuits, and PWM generation circuits 
have the same configuration as the above-described cir- 

30 cuits 

[0114] The V1 start circuit 111 comprises a decode 
circuit, an up counter, and a comparator, the V1 end cir- 
cuit 115 comprises a decode circuit, an up counter, and 
a comparator, and the V1 PWM generation circuit 119 

35 comprises an RS flip-flop. 

[01 1 5] The data which is decoded with a control signal 
included in modulation data in the decode circuit in the 
V1 start circuit 111 is outputted. When an output value 
of the decode circuit in the V1 start circuit 111 and an 

40 output value of the up counter in the V1 start circuit 111 
coincide with each other, a V1 start signal is outputted 
from the comparator in the V1 start circuit 111. Since a 
signal wave form is determined every gradation value 
of modulation data, the decode circuit is set so that data 

45 corresponding to a gradation value of modulation data 
can be outputted. Here, since V1 which is the minimum 
level among levels corresponding to gradation values 
which are not 0 is used when a gradation value of mod- 
ulation data is not zero, the decode circuit is constituted 

so so that an output with which a start signal which speci- 
fies a start of a V1 output by comparison with an output 
value of the up counter is generated may be outputted 
when a gradation value of modulation data is not zero. 
In a signal waveform corresponding to a gradation value 

55 of modulation data, since it is determined every grada- 
tion value whether V2, V3, and V4 are required, the de- 
code circuit compared with an output of the up counter 
also in the V2, V3, and V4 start circuits performs an out- 
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puts according to the gradation value of the modulation 
data. On the other hand, data which is decoded with a 
control signal included in modulation data in the decode 
circuit in the V1 end circuit 111 is outputted. Since the 
timing of ending a V1 output is determined by a grada- s 
tion value of the modulation data, the decode circuit out- 
puts an output according to the gradation value. The op- 
eration of the V2, V3, and V4 start circuits is the same. 
When an output value of the decode circuit in the V1 
end circuit 111 and an output value of the up counter in 10 
the V1 end circuit 1 1 1 coincide with each other, a V1 end 
signal is outputted from the comparator in the V1 end 
circuit 111. 

[01 1 6] By inputting the above start signal and end sig- 
nal into the V1 PWM generation circuit 119, a PWM is 
waveform TV 1 corresponding to the V1 output is out- 
putted. In FIG. 4, the V1 PWM generation circuit 119 
comprises an RS flip-flop. A signal which starts in the 
input timing of a start signal and falls in the input timing 
of an end signal by the start signal being inputted into a 20 
set terminal S of this RS flip prop, and the end signal 
being inputted into a reset terminal R is outputted from 
the RS flip-flop as a PWM waveform TV1 oftheVI PWM 
generation circuit 1 1 9. In addition, although the RS flip- 
flop is used as the V1 PWM generation circuit 1 1 9, a JK 25 
flip-flop or another circuit is sufficient here. 
[0117] Next, as a second circuit example, FIG. 5 
shows circuit configuration for performing arrangement 
so that trailing edges of output waveforms to a plurality 
of modulation signal wiring of the multi -electron source 30 
101 may be almost aligned. The V1 start circuit 111 com- 
prises a decode circuit, a down counter, and a compa- 
rator, the V1 end circuit 1 1 5 comprises a constant circuit, 
a down counter, and a comparator, and the V1 PWM 
generation circuit 119 comprises an RS flip-flop. Here, 35 
although only the V1 start circuit 111 , V1 end circuit 115, 
and V1 PWM generation circuit 119 are shown, other 
start circuits, end circuits, and PWM generation circuits 
have the same configuration as the above-described cir- 
cuits 40 
[01 1 8] The data which is decoded with a control signal 
included in modulation data in the decode circuit in the 
V1 start circuit 111 is outputted. When an output value 
of the decode circuit in the V1 start circuit 111 and an 
output value of the down counter in the V1 start circuit 45 
111 coincide with each other, a V1 start signal is output- 
ted from the comparator in the V1 start circuit 111. Data 
which is decoded with a control signal included in mod- 
ulation data in the decode circuit in the V1 end circuit 
111 is outputted. When an output value of the decode so 
circuit in the V1 end circuit 111 and an output value of 
the down counter in the V1 end circuit 111 coincide with 
each other, a V1 end signal is outputted from the com- 
parator in the V1 end circuit 111 . By inputting the above 
start signal and end signal into the V1 PWM generation ss 
circuit 119, a PWM waveform TV 1 corresponding to the 
V1 output is outputted. 

[0119] Although the circuit shown in either FIG. 4 or 
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FIG. 5 can be used for the above-described PWM circuit 
1 08 and the above-described output stage circuit 1 09 in 
response to each column-directional wiring of the multi- 
electron source 1 01 , as a third example, it is possible to 
alternately perform leading alignment and trailing align- 
ment by providing the circuit in FIG. 4 and the circuit in 
FIG. 5 by turns in the column-directional wiring. 
[0120] FIG. 6 shows an example of a circuit which is 
used every column-directional wiring as the output 
stage circuit 109 shown in FIGS. 2 and 3. In the circuit 
in FIG. 6, potentials V1 to V4 are 0 < V1 < V2 < V3 < 
V4, and they are outputted corresponding to PWM out- 
put waveforms TV1 to TV4 respectively. Q1 to Q4 are 
transistors or paired transistors which output potentials 
V1 to V4 to an output terminal Out respectively by turn- 
ing on. PWM output waveforms TV1 to TV4 are applied 
to gates GV1 to GV4 of respective transistors Q1 to Q4 
through a logical circuit so that two or more transistors 
out of Q1 to Q4 should not turn on simultaneously even 
if two or more among these are in H-level, and so that 
only the largest potential among potentials V1 to V4 cor- 
responding to PWM output waveforms TV1 to TV4 
which are in H-level is outputted to an output terminal 
Out. FIG. 39 shows an example of waveforms of TV4 to 
TV1,andGV4toGVO. 

[0121] FIG. 7 shows the voltage/luminescence inten- 
sity characteristic of a light-emitting device whose volt- 
age/luminescence intensity characteristic has nonlinear 
threshold characteristics like an LED or an electron 
emission device. A horizontal axis denotes the applied 
voltage, and a vertical axis denotes the luminescence 
intensity. The luminescence of respective regions a, b, 
c and d in the time series chart of luminescence be- 
comes equivalent by setting respective drive level po- 
tentials V1 , V2, V3, and V4 so that the ratio of lumines- 
cence intensity may be set at 1 :2:3:4. That is, it is pos- 
sible to equalize the luminescence of unit driving wave- 
form blocks A, B, C and D which consist of unit pulse 
width At shown in the time series chart of a driving wave- 
form, and unit levels, i.e., V4 - V3, V3 - V2, V2 - V1 , and 
V1 - V0 by optimally setting respective drive level po- 
tentials V1, V2, V3, and V4. Here, potentials V1 to V4 
are set so that the luminescence of respective unit driv- 
ing waveform blocks A to D almost coincides with 1 LSB 
(one gradation) of luminance brightness data. 
[0122] In addition, selection potential is given to a de- 
vice via scan signal wiring as basic potential. Here, the 
selection potential is -9.9 V. Therefore, regardless of the 
influence of voltage drop, when a level of a driving signal 
is V1 , V2, V3, or V4, a voltage applied to a device is V1 
- (-9.9) [V], V2 - (-9.9) [V], V3 - (-9.9) [V], or V4- (-9.9) 
[V] respectively. In addition, V0 is chosen so that 
V0-(-9.9) [V] may become equal to or less than a drive 
voltage threshold of a device. Here, V0 is made to be 
ground potential. In addition, this value is made to be 
the same as the drive threshold of a device here. Thus, 
the drive voltage threshold of a device is 9.9 [V]. 
[0123] FIG. 8 shows a V14 driving waveform as an 
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example of the geometry of a driving waveform for ex- 
pressing gradations. In FIG. 8, a signal of each grada- 
tion consists of the number of unit driving waveform 
blocks according to the number of gradations. One gra- 
dation consists of one unit driving waveform block, two 
gradations do two unit driving waveform blocks, and N 
gradations do N unit driving waveform blocks. In the fig- 
ure, a reverse unit driving waveform block in an N-th gra- 
dation denotes differential from a (N-1)-th gradation. A 
driving waveform in the N-th gradation is formed by add- 
ing a unit drive block to the location, where a driving 
waveform continues, in the driving waveform in the (N- 
1)-th gradation. When a driving waveform is formed in 
this manner, it is possible to guarantee monotonicity 
even if voltage/luminescence intensity characteristics 
are changed, or even if there is dispersion between light 
emitting devices. 

[0124] In this Example, the pulse width control of a 
unit pulse with slot width At is performed in a zero to 259 
range by using P = 9 bits so as to display image data 
with the data bit length of R = 10, and level (amplitude) 
control is performed in a range of peak levels of 1 to 4 
levels, i.e., a range of levels V1 to V4 by using Q= 2 bits 
including a remaining 1 bit. That is, in order to display 
1 0-bit image data, respective above-described data R, 
P, and Q have the relation of R < P 4- Q. 
[01 25] If, for example, 2 bits in high order are used for 
level control and pulse width is controlled by the remain- 
ing 8 bits in the case of R=P+Q, it is not possible to ex- 
press all the 10-bit picture data when a trailing edge of 
a driving waveform is made to be step-like. Thus, the 
number of gradations falls. However, in this Example, 
since pulse width is controlled in 9 bits so as to become 
R<P+Q, thereby, all the 10-bit picture data can be ex- 
pressed. 

[0126] As shown in FIG. 8, by outputting all the levels 
of one level (potential V1 ) to k level (potential Vk) of driv- 
ing waveforms in turns from a low level to a high level 
at the time of the startup of the driving waveform in the 
case that the highest drive level in the N-th gradation is 
k, and maintaining the output of each level for unit pulse 
width At or more, it becomes possible to reduce a current 
which flows at the time of the startup of the driving wave- 
form. 

[0127] Similarly, by outputting all the levels of k level 
potential (potential Vk) to one level potential (potential 
V1 ) of driving waveforms in turns from a high level to a 
low level at the time of the fall of the driving waveform, 
and maintaining the output of each level for unit pulse 
width At or more, it becomes possible to reduce a current 
which flows at the time of the fall of the driving waveform. 
[0128] FIG. 12 is an equivalent circuit diagram of a 
multi-light emitting device. In actual driving, although se- 
lection potential is applied to the row-directional wiring 
2 to be selected and drive potential is applied to the col- 
umn-directional wiring 3, a model was simplified for in- 
tuitive understanding, and simulation was performed by 
using a single-bit column-directional wiring model 



shown in FIG. 13. Parasitic resistance was 10 ft, para- 
sitic inductance was 300 nH, parasitic capacitance was 
1 0 pF, and a modulation circuit was formed by four kinds 
of power supplies, and MOS transistors. 
5 [0129] In the circuit in FIG. 13, the simulation was per- 
formed in the case that a driving waveform with nine gra- 
dations in FIG. 8 was generated on conditions that V0 
= 0 V, V1 = 3 V, V2 = 3.7 V, V3 = 4.4 V, and V4 = 5.0 V. 
FIG. 14 shows a voltage waveform in an end of the row- 
10 directional wiring, and FIG. 15 shows a waveform of a 
current which flows into the column-directional wiring. 
[0130] For comparison, FIG. 16 shows a voltage 
waveform in an end of the row-directional wiring in the 
case that a driving waveform was generated on condi- 
15 tions that V0 = 0 V and V1 = V2 = V3 = V4 = 5.0 V, that 
is, in the case of driving by a conventional waveform, 
and FIG. 1 7 shows a waveform of a current which flows 
into the column-directional wiring. 
[01 31 ] When driving is performed by the driving wave- 
20 form of this Example (FIG. 8), it can be seen that the 
current which flows into the column-directional wiring is 
fallen in half in comparison with the driving by the con- 
ventional waveform. In consequence, although the driv- 
ing by the conventional waveform generates an over- 
25 shoot voltage of about 2 V, the driving by the driving 
waveform of this Example makes an overshoot voltage 
fall at about 0.8 V. 

[0132] Thus, according to this Example, it becomes 
possible to provide a driving waveform and a drive meth- 
30 od that make it possible in a low-cost drive circuit to re- 
alize fine gradation, to reserve the monotonicity of gra- 
dation, to realize the uniform luminescence of a light 
emitting device, to reduce radiated noise, and to stabi- 
lize a driving waveform. 

35 

(Example 2) 

[0133] FIG. 18 shows another example of V1 4 wave- 
forms. Driving waveforms in FIG. 7 show an example in 
40 the case of setting respective drive level potentials V1 , 
V2, V3, and V4 so that a ratio of luminescence intensity 
might be set to 1 :2:3:4. In an LED or an electron emis- 
sion device, since luminescence intensity is proportional 
to a drive current in general, hereafter, this is called a 
45 current equal dividing method. On the other hand, FIG. 
1 9 shows the case that it is determined to make a ratio 
of V1 , V2, V3, and V4 be 1 :2:3:4, i.e., to make potential 
differences V4-V3, V3-V2, V2-V1 , and V1 -V0 (reference 
potential V0 of a driving waveform was made the same 
so as a drive threshold of a device also here) fixed, and 
hereafter, this is called a voltage equal dividing method. 
FIG. 1 9 shows the voltage/current (luminescence inten- 
sity) in the voltage equal dividing method. 
[0134] In FIG. 18, a reverse unit driving waveform 
55 block in an N-th gradation denotes differential from a (N- 
1 )-th gradation. A driving waveform in the N-th gradation 
is formed by adding a unit drive block to the location, 
where a driving waveform continues, in the driving 
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waveform in the (N-1)-th gradation. Luminescence a to 
d of unit drive blocks A to D in FIG. 19 which are used 
in FIG. 18 have the relation of a < b < c < d. Therefore, 
although, in the waveform in FIG. 8 where the lumines- 
cence of unit drive blocks A to D is fixed, the difference 
between a third gradation and a fourth gradation is the 
unit drive block B, in the waveform in FIG. 1 8, a change 
between a third gradation and a fourth gradation, which 
are low gradations, is made small as the unit drive block 
A. 

[0135] FIG. 20 shows linearity in the V14 driving. 
When a driving waveform is formed in this manner, it is 
possible to guarantee monotonicity even if voltage and 
luminescence intensity characteristics are changed, or 
even if there is dispersion between light emitting devic- 
es. 

[0136] As shown in FIG. 18, by outputting all the levels 
of one level (potential V 1 ) to k level (potential Vk) of driv- 
ing waveforms in turns from a low level to a high level 
at the time of the startup of the driving waveform in the 
case that the highest drive level in the N-th gradation is 
k, and maintaining the output of each level for unit pulse 
width At or more, it becomes possible to reduce a current 
which flows at the time of the startup of the driving wave- 
form. 

[0137] Similarly, by outputting all the levels of k level 
potential (potential Vk) to one level potential (potential 
V1) of driving waveforms in turns from a high level to a 
low level at the time of the fall of the driving waveform, 
and maintaining the output of each level for unit pulse 
width At or more, it becomes possible to reduce a current 
which flows at the time of the fall of the driving waveform. 

(Example 3) 

[0138] FIG. 21 shows an example of Vn driving wave- 
forms. This waveform is for performing driving with a 
waveform where a level of a driving waveform of data N 
is made to be k (k is an integer that is one or more, and 
less than n) when luminance brightness data consists 
of R bits and luminance brightness data is approximate- 
ly 0 < N < (2 R ) (k/n - 1). In the driving waveform in FIG. 
8, if the number of unit drive blocks (the number of slots) 
of the level k of the driving waveform in an (n-1 )-th gra- 
dation becomes 3 by adding a unit drive block to a driv- 
ing waveform in an (n-2)-th gradation when a level k is 
three or less, a unit drive block with a level of k+1 is 
added to a driving waveform in the following n-th grada- 
tion. However, in driving waveforms in FIG. 21, a level 
(level) is not carried until the number of unit drive blocks 
with a level of 1 (level 1 ; the minimum level) reaches a 
predetermined maximum number S (in this Example, 
259) when increasing gradation, but when the number 
reaches the maximum number S and gradation is in- 
creased by one step next, carrying is performed by turn- 
ing back so that the number of unit drive blocks in level 
1 may become a number that is (S-k + 2k+ 1)/(k+ 1) or 
more and may be the nearest to this, and the number of 
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blocks in the one upper level may become smaller by 
two or three than that in a lower level. 
[0139] For example, in the case of S = 259, when the 
number of unit drive blocks in level 1 in a 259th gradation 

5 becomes full, i.e., 259, in the following 260th gradation, 
the number of blocks in level 1 becomes 131 and that 
in level 2 does 129. Similarly, when the number of unit 
drive blocks in level 1 is 259 and that in level 2 is 257 in 
a 516th gradation, and hence, the number of unit drive 

10 blocks in level 1 becomes full, the number of blocks in 
level 1 becomes 175, that in level 2 does 172, and that 
in level 3 does 170 in the following 517th gradation. In 
addition, when the number of blocks in level 1 is 259, 
that in level 2 is 257, that n level 3 is 255, and hence, 

15 the number of unit drive blocks in level 1 becomes full 
in a 771st gradation, the number of blocks in level 1 be- 
comes 196, that in level 2 does 194, that in level 3 does 
1 92, that in level 4 does 1 90 in the following 772-th gra- 
dation, and hence, maximum levels are carried by one 

20 respectively. 

[0140] According to driving waveforms in FIG. 21 , in 
the case of n = 4 and k = 1 , i.e., luminance brightness 
data being between zero and 1/4 of the maximum lumi- 
nance brightness, a current per one light emitting device 

25 becomes 1/4 and a current which flows into the selected 
row-directional wiring also becomes r-i/4 by making an 
effective portion of amplitude of a pulse width modula- 
tion waveform be one fourth of a conventional pulse 
width modulation waveform, and making pulse width be 

30 four times. Hence, it also becomes possible to reduce 
the amount of a voltage drop to one fourth , and to reduce 
the reduced amount of a voltage, applied to a light-emit- 
ting device, to one fourths. Similarly, when n = 4 and k 
= 2, i.e., luminance brightness data is between zero and 

35 1/2 of the maximum luminance brightness, it becomes 
possible to reduce the amount of a voltage drop to one 
half, and when n= 4 and k= 3, i.e., luminance brightness 
data is between zero and 3/4 of the maximum luminance 
brightness, it becomes possible to reduce the amount 

40 of a voltage drop to three fourths. 

[0141] FIG. 9 shows an rXs matrix type image display 
unit. FIG. 1 0 is a waveform chart of driving waveforms 
in a pulse width modulation circuit by conventional tech- 
nology in the case that n = 4 and k = 1 , i.e., luminance 

45 brightness data is between zero and 1/4 of the maximum 
luminance brightness. Let a current per one light-emit- 
ting device be i. It can be seen that a voltage drop arises 
by a current which flows into the selected row-directional 
wiring Yq and is r-i, and a voltage applied to a light emit- 

so ting device decreases. 

[0142] FIG. 11 is a waveform chart of driving wave- 
forms in a pulse width modulation circuit according to 
this Example in the case that n = 4 and k = 1 , i.e., lumi- 
nance brightness data is between zero and 1/4 of the 

55 maximum luminance brightness. FIG. 11 shows a situ- 
ation of performing driving by making an effective por- 
tion of amplitude of a pulse width modulation waveform 
(a portion obtained by subtracting a portion, included in 
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a drive voltage threshold of a device from amplitude; In 
this Example, since VO which becomes the reference 
potential of a modulation waveform is made to be the 
same value as a drive threshold of a device, a portion 
obtained by subtracting a portion, included in a drive 
voltage threshold of a device, from amplitude = ampli- 
tude of a modulation waveform) be one fourths, and by 
making pulse width be 4 times. A current per one light- 
emitting device becomes i/4, and a current flowing into 
the selected row-directional wiring also becomes r-i/4. 
Hence, it also becomes possible to reduce the amount 
of a voltage drop to one fourth, and to reduce the re- 
duced amount of a voltage, applied to a light-emitting 
device, to one fourths. 

[01 43] Similarly, when n = 4 and k = 2, i.e. , luminance 
brightness data is between zero and 1/2 of the maximum 
luminance brightness, it becomes possibleto reduce the 
amount of a voltage drop to one half, and when n = 4 
and k = 3, i.e., luminance brightness data is between 
zero and 3/4 of the maximum luminance brightness, it 
becomes possible to reduce the amount . of a voltage 
drop to three fourths. 

[0144] FIG. 22 shows an example of modulation 
waveforms and a current, which flows in arbitrary scan 
wiring Yq, in V14 driving (front alignment) according to 
a first or a second Example. FIG. 23 shows an example 
of modulation waveforms and a current, which flows in 
arbitrary scan wiring Yq, in Vn driving (front alignment) 
according to this Example. It can be seen that a peak of 
a current flowing into scan wiring in the Vn driving ac- 
cording to this Example is sharply reduced by equalizing 
the current. 

[0145] FIG. 24 shows a current, which flows in arbi- 
trary scan wiring (row-directional wiring) Yq, in the case 
of using front and back alignment in Vn driving. Further- 
more, the current is equalized. Here, front alignment 
means to perform control so that a leading edge of a 
driving waveform becomes a first half in one selection 
period, and it is preferable to generate a first unit drive 
block in a predetermined slot in the first half of pulse 
width control. In addition, back alignment means to per- 
form control so that a trailing edge of a driving waveform 
becomes a second half in one selection period, and it is 
preferable to generate a last unit drive block in a prede- 
termined slot in the second half of pulse width control. 
In addition, when these predetermined slots are fixed, it 
is preferable to set a first slot in one selection period as 
a predetermined slot in the first half, and to set a last 
slot as a predetermined slot in the second half, but it is 
also good to set inner slots. Moreover, it is also good to 
set respective predetermined slots in the first half or sec- 
ond half according to the gradation or modulation wave- 
form of a light emitting device to be driven through the 
column-directional wiring or other column-directional 
wiring every column-directional wiring. Alternatively, it is 
also good to set the same slot to all the column-direc- 
tional wiring that drives them as respective predeter- 
mined slots in the first half or the second half according 



to the gradation or modulation waveform of a plurality of 
light emitting devices selected simultaneously. 

(Example 4) 

5 

[0146] FIG. 25 shows driving waveforms in new Vn 
driving. In the case that gradation is increased, these 
driving waveforms are arranged in good order such that 
unit drive blocks with a level of 1 (level 1 ) are first ar- 
10 ranged until they reach the predetermined maximum 
number S (in this Example, 259), next, unit drive blocks 
in level 2 (potential V2) are arranged until they reach a 
(S-1)-th slot from a second slot, -, and unit drive blocks 
in level k (potential Vk) are arranged until they reach a 
15 (S+1 -k)-th slot from a k-th slot. 

[0147] FIG. 26 shows an example of modulation 
waveforms and a current, which flows in arbitrary scan 
wiring Yq, in new Vn driving (front alignment). The cur- 
rent is equalized. Furthermore, by using front and back 
alignment in the new Vn driving, it becomes possible to 
make a current, which flows into the scan wiring Yq, al- 
most uniform as shown in FIG. 27 within a 1H period. 
[0148] Here, in regard to a matrix panel which has in- 
formation wiring of 1920 x 3, and scan wiring of 1024, 
the reduction effect of a current flowing into the informa- 
tion wiring will be computed. Let the maximum current 
flowing in a device be 0.8 mA. When a modu lation wave- 
form is set so that a drive current may be equally divided 
as shown in FIG. 7, since the maximum of a current 
change per device is 0.8 mA in conventional simple 
PWM or V1 4 driving, the maximum of a current change 
per one scan wiring, Aly is as follows: 

Aly = 0.8 mA X 1920 X 3 = 4.608 A 

[0149] Since the maximum becomes one half by us- 
ing front and back alignment together, 

Aly = 2.304 A 

[0150] Since a change of a current is 0.8 mA/4 = 0.2 
mA in the portion except leading and trailing edges of a 
waveform in the new Vn driving, 

Aly = 0.2 mA X 1920 X 3= 1.152 A 

[0151] Furthermore, since front alignment and back 
alignment are repeated every device by using the front 
and back alignment together, the maximum of a current 
change becomes one half as follows: 

Aly = 576 mA. 



25 



30 



35 



40 



45 



50 



19 



37 



EP1 267 319 A2 



38 



(Modified examples of Examples) 

[0152] In the Vn driving in FIG. 21, and the new Vn 
driving in FIG. 25, it is possible to set a modulation wave- 
form such that a drive current may be equally divided as 
shown in FIG. 7, or to set it such that an effective portion 
of amplitude of drive potential may be equally divided 
as shown in FIG. 19. In order to prevent ringing and an 
overshoot which are generated at the time of startup and 
fall of a waveform, it is effective to make voltages be- 
tween potential (VO) whose potential difference from 
basic potential serves as a drive voltage threshold of a 
device, V1, V2, V3, and V4 equal. FIG. 19 shows the 
relation between the applied voltage and the lumines- 
cence in the case of equally dividing an effective portion 
of amplitude of drive potential. It can be seen that the 
luminescence of unit driving waveform blocks A, B, C 
and D which consist of unit pulse width and unit levels 
which are shown in a time series chart of a driving wave- 
form does not become equal. 

[0153] FIG. 20 shows the relation between the lumi- 
nance brightness and the data in the cases of current 
equal dividing and voltage equal dividing in the V1 4 driv- 
ing. Although linearity is spoiled a little in a low lumi- 
nance brightness region, monotonicity is guaranteed 
and this can be treated by data correction etc. 
[0154] As for y correction, the relation between the lu- 
minance brightness data and the luminance brightness 
becomes a curve deeper than the 2.2nd power of re- 
verse y characteristics (resolution of luminance bright- 
ness becomes high in a low luminance brightness re- 
gion), usually used, by setting the voltage equal dividing 
of V1 to V4 which can minimize ringing generation. In 
consequence, it becomes possible to enhance the res- 
olution of luminance brightness in low to middle lumi- 
nance brightness at the time of reverse y conversion. 
[0155] Although four levels of level control are per- 
formed and the number of gradations are 1024 that is 
from 0 to 1 023 in the Examples described above, there 
is no limitation of a control level and the number of gra- 
dations in the present invention. 
[0156] According to the present invention, it becomes 
possible to provide a driving waveform and a drive meth- 
od that make it possible in a low-cost drive circuit to re- 
alize fine gradation, to reserve the monotonicity of gra- 
dation, to realize the uniform luminescence of a light 
emitting device, to reduce radiated noise, and to stabi- 
lize a driving waveform. In addition, it becomes possible 
to provide a light emitting device control method which 
can reduce the bias of luminance brightness distribution 
in an inexpensive drive circuit. 

Claims 

1. A drive circuit for driving a light-emitting device to 
emit the light- emitting device with brightness corre- 
sponding to brightness data, wherein the drive cir- 



cuit drives the light-emitting device by the driving 
waveform whose pulse width is controlled in a unit 
of slot width At and whose level in each slot is con- 
trolled at least in n stages of A 1 to A n (where n is an 
5 integer equal to or larger than 2, and 0 < A 1 < A 2 

< ... < A n ), and all driving waveforms having a rising 
portion up to a predetermined level A k (where k is 
an integer equal to or larger than 2 and equal to and 
smaller than n) rise up to the predetermined level 

10 A k through each level in order at least by one slot 
from a level A., to a level A k . v 

2. A drive circuit for driving a light-emitting device to 
emit the light-emitting device with brightness corre- 

15 sponding to brightness data, wherein the drive cir- 
cuit drives the light-emitting device by the driving 
waveform whose pulse width is controlled in a unit 
of slot width At and whose level in each slot is con- 
trolled at least in the stages of A 1 to A n (where n is 

20 an integer equal to or larger than 2, and 0 < A 1 < A 2 

< ... < A n ) . In the circuit, all driving waveforms hav- 
ing a falling portion from a predetermined level A k 
(where k is an integer equal to or larger than 2 and 
equal to and smallerthan n) falls from the predeter- 

25 mined level A k through each level from a level A^ 
to a level A 1 in order at least by one slot. 

3. A drive circuit for driving a light-emitting device to 
emit the light-emitting device with brightness corre- 

30 sponding to brightness data, wherein the drive cir- 
cuit drives the light-emitting device by the driving 
waveform whose pulse width is controlled in a unit 
of slot width At and whose level in each slot is con- 
trolled at least in n stages of A 1 to A n (where n is an 

35 integer equal to or larger than 2, and 0 < A 1 < A 2 

< ... < A n ) . In the circuit, the driving waveform has: 
a rising portion up to a predetermined level A k 
(where k indicates an integer equal to or larger than 
2 and equal to or smallerthan n) through each level 

40 from a level A 1 to a level A k-1 in order at least by 
one slot; and a falling portion from the level A k 
through each level from the level A k ^ to the level 
A 1 in order at least by one slot. 

45 4. The drive circuit according to claim 3, wherein 

a driving waveform can be preferably set by 
setting as follows the relationship between a first 
driving waveform and a second driving waveform 
obtained by increasing/decreasing the driving ener- 

50 gy of the first driving waveform driving a light-emit- 
ting device, that is, when the slot in which the driving 
waveform rises up to the level A 1 is defined as a 
first slot, the levels of the first to a (k-1)th slot are 
respectively A 1 to A k . 1t the level of a k-th slot and a 

55 (N k +k-1)th slot is A k , and the levels of an (N k +k)th 
to an (N k +2(k-1))th slots are level A k .., to level A 1( 
based on which another driving waveform is ob- 
tained by one level increasing driving energy for 
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driving the light-emitting device into the level A 1 for 
the (N k +2k-1)th slot, thereafter one level increasing 
the driving energy by increasing the level from A 1 
to Ag in the N k +2(k-1 )th slot, and increasing the driv- 
ing energy by increasing the level from A k-1 to A k in 
the (N k +k)th slot. 

5. The drive circuit according to any of claims 1 to 4, 
wherein 

the driving waveform obtained by one level in- 
creasing the driving energy of the driving waveform 
for driving the light-emitting device having a falling 
portion to a level at which the light-emitting device 
cannot be practically driven through each level from 
a level A k to a value smaller than the level A k in order 
by one slot has a waveform obtained by increasing 
to A 1 the level of the slot subsequent to the slot hav- 
ing the level A 1 in the falling portion of the driving 
waveform in the preceding stage, thereafter one 
level increasing the energy for driving the light-emit- 
ting device with one level increasing the level of the 
slot before the one in which the level is one level 
increased in the driving waveform in the two stages 
before. 

6. The drive circuit according to claim 5, wherein 

the relationship in which the driving waveform 
obtained by one level increasing the energy for driv- 
ing the light-emitting device of the preceding driving 
waveform has the waveform obtained by one level 
increasing the level of the slot before the one in 
which the level is one level increased over the driv- 
ing waveform of the two stages before can prefer- 
ably apply the configuration in which the driving 
waveform depending on the relationship is satisfied 
by a series of driving waveforms up to the driving 
waveform whose level of the slot in which the level 
is increased from the driving waveform in the pre- 
ceding stage and has a level one level higher than 
the level A k . 

7. The drive circuit according to claim 5, wherein 

the relationship in which the driving waveform 
obtained by one level increasing the energy for driv- 
ing the light-emitting device of the preceding driving 
waveform has the waveform obtained by one level 
increasing the level of the slot before the one in 
which the level is one level increased over the driv- 
ing waveform of the two stages before can prefer- 
ably apply the configuration in which the driving 
waveform depending on the relationship is satisfied 
by a series of driving waveforms up to the driving 
waveform whose level of the slot in which the level 
is increased from the driving waveform in the pre- 
ceding stage and has a level one level higher than 
the level A k . 

8. The drive circuit according to claim 3, wherein 



when the slot in which the driving waveform 
rises up to the level A 1 is defined as a first slot, the 
levels of the first to a (k-1 )th slot are respectively Aj 
to A k _«,, the level of a k-th slot and a (N k +k-1)th slot 

5 is A k , and the levels of an (N k +k) th to an (N k +2(k- 
1 ))th slots are peak value A k _., to level A 1 , based on 
which another driving waveform is obtained by one 
level decreasing driving energy for driving the light- 
emitting device from A k to A k-1 for the k-th slot, 

10 thereafter one level decreasing the driving energy 
by increasing the level from A k . 1 to A k _ 2 in the (k-1) 
th slot, and increasing the driving energy by increas- 
ing the level from A 1 to the level at which the light- 
emitting device cannot be practically driven in the 

15 first slot. 

9. The drive circuit according to any of claims 1 to 3, 
and 8, wherein 

a driving waveform having a rising portion up 
20 to a level A k in order at least by one slot from each 
level lower than the level A k can be obtained by a 
driving waveform having one level decreased ener- 
gy for driving the light-emitting device as having a 
waveform indicating the level A k-1 of the slot which 
25 is subsequent to the slot having the level A k ^ in the 
rising portion in the preceding driving waveform and 
whose level is A k> and the driving waveform having 
one level decreased energy for driving the light- 
emitting device has a one level decreased wave- 
30 form from the level of the slot before the one from 
which the level of the driving waveform is one level 
decreased. 

10. The drive circuit according to any of claims 3 to 9, 
35 wherein 

in the driving waveform, the level in the slot 
between two slots having the level A k is also A k . 

11. The drive circuit according to any of claims 4 to 6, 
40 8 and 9, wherein 

in the driving waveform including two slots 
having the level A k and including between the two 
slots other slots having the level A k , with the level 
A k including the case in which k = 1, and smaller 

45 than A n , and the having two or three slots having 
the level A k by one level increasing the driving en- 
ergy, the driving waveform having one level further 
increased driving energy has the level of the central 
slot in the three slots having the level level A k+1 

so changed from A k . 

12. The drive circuit according to any of claims 1 to 5, 
and 7 to 10, wherein 

it is also desired that the driving waveform ob- 
55 tained by increasing the driving energy for driving 
the light-emitting device more than a predetermined 
driving waveform increases the pulse width rather 
than raise the maximum level. 
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13. The drive circuit according to any of claims 1 to 5, 
7 to 10, and 12, wherein 

the driving waveform obtained when the max- 
imum level of the driving waveform is set high by 
one level increasing the driving energy for driving 
the light-emitting device is configured such that the 
maximum level can continue as much as possible 
by increasing by one the number of unit driving 
waveform blocks defined by the level difference A,,- 
A n _.|,..., orA 2 -A 1 or the level difference between the 
level A 1 and the level which is the driving threshold 
of the light-emitting device, and the slot width At. 

14. The drive circuit according to any of 1 to 3, wherein 

the driving waveform obtained by increasing 
the driving energy for driving the light-emitting de- 
vice on a predetermined driving waveform is con- 
figured by adding unit driving waveform blocks de- 
fined by the level difference A n - A n .^ or A 2 - A^ 

or the level difference between the level A 1 and the 
level which is the driving threshold of the light-emit- 
ting device, and the slot width At by priority in the 
position where the maximum level A k including k = 
1 can be lower. 

15. The drive circuit according to claim 14, wherein 

the driving waveform obtained by increasing 
the driving energy for driving the light-emitting de- 
vice on a predetermined driving waveform is con- 
figured by adding unit driving waveform blocks de- 
fined by the level difference A n - A n . 1( ..., or A 2 - A 1 
or the level difference between the level and the 
level which is the driving threshold of the light-emit- 
ting device, and the slot width At by priority in the 
position where the maximum level A k including k = 
1 can be lower, and the maximum level can continue 
the longer. 

16. The drive circuit according to any of claims 1 to 15, 
wherein 

the driving waveform having a level A k and the 
slot width At is configured to have the driving energy 
for emitting light with the brightness corresponding 
to substantially 1 LSB of the brightness data. 

1 7. The drive circuit according to any of claims 4, 5, and 
7 to 9, wherein 

with the driving waveform having a substan- 
tially constant level difference A m - A m ..| (where m is 
an integer equal to or larger than 1 and equal to or 
smaller than n, and Aq is a driving threshold of a 
light-emitting device), or A m - A m _, £ A m .., - A m . 2 for 
m equal to or larger than 2, the level A k indicating 
the maximum level including the value when k = 1 , 
the level A k smaller than A n , the level of the slot en- 
closed by the slots having the level A k , and the N k +2 
(k-1) reaching a predetermined largest number of 
slots of S (where S indicates an integer equal to or 



larger than 2n-1), when the driving energy is in- 
creased by one level, and when, instead of chang- 
ing the level of the slot which is adjacent to the slot 
having the level A., and has the level at which the 

5 light-emitting device cannot be practically driven, 
the numberof the slots having the levels higherthan 
the level A 1 is larger than and an integer closest to 
(S-k+2k+1)/(k+1) t the driving waveform is changed 
into that in the third driving method having the max- 

10 imum level A k+1 , and the number of the unit driving 
waveform blocks defined by the level difference A m - 
A m . 1 and the slot width At larger by one than the 
above mentioned driving waveform, the level gets 
smaller when the driving energy is one level in- 

15 creased, and the level of the slot closer to the slot 
one level higher gets one level larger. 

1 8. A drive circuit for generating a driving waveform cor- 
responding to brightness gray-scale data, wherein: 

20 

a level is controlled by a plurality of discontinu- 
ous levels including the minimum level corre- 
sponding to the non-zero brightness gray-scale 
data and one or more non-minimum levels cor- 

25 responding to larger brightness gray-scale da- 

ta, and a driving waveform signal whose pulse 
width is controlled by discontinuous pulse 
widths is generated; and 
a driving waveform has a portion controlled by 

30 the non-minimum level at the head and the end 

of the driving waveform. 

1 9. A drive circuit for generating a driving waveform cor- 
responding to brightness gray-scale data, wherein: 

35 

a level is controlled by a plurality of discontinu- 
ous levels including the minimum level corre- 
sponding to the non-zero brightness gray-scale 
data and one or more non-minimum levels cor- 

40 responding to larger brightness gray-scale da- 

ta, and a driving waveform signal whose pulse 
width is controlled by discontinuous pulse 
widths is generated; and 
entire driving waveforms have a portion control- 

45 led by the non-minimum level at least at one of 

the head and the end of the driving waveform. 

20. A drive circuit for generating a driving waveform cor- 
responding to brightness gray-scale data, wherein 

so a level is controlled by a plurality of discontin- 

uous levels including the minimum level corre- 
sponding to the non-zero brightness gray-scale da- 
ta, non-minimum levels corresponding to larger 
brightness gray-scale data, and an intermediate 

55 level between the minimum level and the non-min- 
imum level; a driving waveform signal whose pulse 
width is controlled by discontinuous pulse widths is 
generated; as a driving waveforms having a portion 
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controlled by the non-minimum level, a portion con- 
trolled by the minimum level is included at the head 
at a predetermined time width, a portion controlled 
by the intermediate level is included immediately af- 
ter, and a portion controlled by the non-minimum 
level larger than the intermediate level is included 
immediately after the portion at a time width larger 
than the predetermined time width; and a driving 
waveform having a portion controlled by the non- 
minimum level larger than the intermediate level at 
a width larger than the predetermined time width is 
generated. 

21 . A drive circuit for generating a driving waveform cor- 
responding to brightness gray-scale data, wherein 

a level is controlled by a plurality of discontin- 
uous levels including the minimum level corre- 
sponding to the non-zero brightness gray-scale da- 
ta, non-minimum levels corresponding to larger 
brightness gray-scale data, and an intermediate 
level between the minimum level and the non-min- 
imum level; a driving waveform signal whose pulse 
width is controlled by discontinuous pulse widths is 
generated; as a driving waveforms having a portion 
controlled by the non-minimum level, a portion con- 
trolled by the minimum level is included at the end, 
a portion controlled by the intermediate level is in- 
cluded immediately before, and a portion controlled 
by the non-minimum level larger than the interme- 
diate level is included before the portion controlled 
by the intermediate level at a time width larger than 
the predetermined time width; and a driving wave- 
form having a portion controlled by the non-mini- 
mum level larger than the intermediate level at a 
width larger than the predetermined time width is 
generated. 

22. The drive circuit according to any of claims 1 to 21 , 
wherein 

the driving waveform corresponding to re- 
spective brightness data is applied to the plurality 
of light-emitting devices forming a matrix display. 

23. A display device, comprising 

a multilight-emitting device by matrix-wiring a 
plurality of light-emitting devices using scanning 
signal wiring and information signal wiring; and the 
drive circuit according to any of claims 1 to 22, 
wherein 

the drive circuit generates a driving waveform 
for driving the plurality of light-emitting devices. 

24. The display device according to claim 23, further 
comprising 

a scanning circuit connected to the scanning 
signal wiring, wherein 

the driving waveform is provided for the light- 
emitting device selected by the scanning circuit 



through the information signal wiring. 

25. The display device according to claim 23 or 24, 
wherein 

5 the time from starting the rise of the driving 

waveform to the reaching the maximum level A k can 
be set such that the time can be substantially equal 
to or larger than a time constant of 0% to 90% de- 
pending on the load of the information signal wiring 
10 of the multilight-emitting device and the driving ca- 
pability of the drive circuit. 

26. The display device according to any of claims 23 to 

25, wherein 

is the driving waveform to be applied to a part of 

the above mentioned plurality of information signal 
wirings is controlled such that the rise can start in 
the first half of the selection period during which the 
scanning circuit selects one scanning signal wiring, 

20 and the driving waveform to be applied to another 
part of the information signal wiring is controlled 
such that the fall can start in the second half of the 
selection period. 

25 27. The display device according to any of claims 23 to 

26, wherein 

the time axis of the driving waveform can be 
configured opposite between a part of the plurality 
of information signal wiring and the remaining por- 
30 tions. 

28. The display device according to any of claims 23 to 

27, wherein 

a modulation circuit forming the drive circuit 
35 receives R-bit brightness data as image data, the 
pulse width is controlled within the range of the 
number of slots of 2 P , and the level is controlled at 
the n = 2° stage. It is desired to set the relation of 
R < P+Q for the data of R, P, and Q. 

40 

29. A display device having a multilight-emitting device 
by matrix-wiring a plurality of light-emitting devices 
using scanning signal wiring and information signal 
wiring, a scanning circuit connected to the scanning 

45 signal wiring, and a modulation circuit connected to 
the information signal wiring, wherein 

the modulation circuit includes a circuit for 
controlling a pulse width of a unit pulse of a slot 
width At in a range of 0 to 2 P to display R-bit bright- 
50 ness data to be input as image data, and a circuit 
for controlling a level within a range of the first to 
the 2 Q -th level of a level level, and the data of the 
R, P, and Q has the relation of R < P+Q. 

55 30. The display device according to any of claims 23 to 
29, wherein 

the light-emitting device comprises a surface 
conduction type emission device. 
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31 . A method of driving a light-emitting device by a driv- 
ing waveform whose pulse width is controlled in a 
slot width At and whose level is controlled in n stag- 
es of at least A 1 to A n (where n is an integer equal 
to or Iargerthan2,and0< A 1 <A 2 < ... < A n ) in each 
slot to emit a light-emitting device with the bright- 
ness corresponding to brightness data, wherein 

a series of predetermined driving waveforms 
obtained by one level increasing the driving energy 
of the driving waveform for driving the light-emitting 
device having a falling portion through each level 
from a level A k to a value smaller than the level A k 
in order at least by one slot having a waveform ob- 
tained by increasing to the level of the slot sub- 
sequent to the slot having the level A 1 in the falling 
portion of the driving waveform in the preceding 
stage, thereafter one level increasing the energy for 
driving the light- emitting device with one level in- 
creasing the level of the slot before the one in which 
the level is one level increased in the driving wave- 
form in the two stages before, from which a desired 
driving waveform is selected to drive the light-emit- 
ting device. 

32. The driving method according to claim 31 , wherein 

the series of driving waveforms can be, for ex- 
ample, from the predetermined driving waveform to 
the driving waveform subsequent to the predeter- 
mined driving waveform, and the driving waveform 
obtained by increasing to A 1 the level of the slot sub- 
sequent to the slot whose level is A 1 in the falling 
portion of the predetermined driving waveform, and 
the subsequent driving waveforms obtained by one 
level increasing the driving energy for driving the 
light-emitting device on the driving waveform in the 
preceding stage one level increasing the level of 
one slot before the slot obtained by one level in- 
creasing the level on the two stages before in the 
driving waveform in the previous driving waveform, 
thereby obtaining one or more driving waveforms 
and the driving waveform in the previous stage in 
the relation for which the level is increased in the 
slot whose level is the level A k . 

33. The driving method according to claim 32, wherein 

the series of driving waveforms can be the 
subsequent driving waveforms having the level A k 
in the slot in which the level is increased for the driv- 
ing waveform in the preceding stage, a series of 
driving waveforms having a level one level higher 
than the level A k of the slot before the slot having 
the level Ak in the preceding stage in the above 
mentioned relation. 

34. The driving method according to claim 32, wherein 

in a driving waveform at the subsequent stage 
of the series of driving waveforms, the waveform 
obtained by increasing the level to A 1 of the slot sub- 



sequent to the slot whose level is A 1 in the falling 
portion of the driving waveform in the slot in which 
the level of the driving waveform in the preceding 
stage is increased. 

5 

35. A method of driving a light-emitting device by a driv- 
ing waveform whose pulse width is controlled in a 
slot width At and whose level is controlled in n stag- 
es of at least A 1 to An (where n is an integer equal 

10 to orlargerthan2, andO< A 1 <A 2 < ... < A n ) in each 
slot to emit a light-emitting device with the bright- 
ness corresponding to brightness data, wherein 

the driving waveform obtained by one level 
decreasing the energy for driving the light-emitting 
15 device from a predetermined driving waveform hav- 
ing a rising portion up to the level A k through each 
level lower than the level A k in order at least by one 
slot has a waveform by changing the level A k of the 
slot subsequent to the slot having the level A^ in 
20 the rising portion of the driving waveform in the pre- 
ceding stage into the level A k . 1 , and the driving 
waveform obtained by one level decreasing the en- 
ergy for driving the light-emitting device is obtained 
by selecting a desired driving waveform from a se- 
25 ries of driving waveforms obtained by one level de- 
creasing the level of one slot before the slot ob- 
tained by one level decreasing the level from the 
driving waveform in the two stages before and driv- 
ing the light-emitting device. 

30 

36. A method of driving a light-emitting device by a driv- 
ing waveform whose pulse width is controlled in a 
slot width At and whose level is controlled in n stag- 
es of at least A 1 to A„ (where n is an integer equal 

35 to or larger than 3, and 0< A-, < A 2 < ... < A n ) in each 
slot to emit a light-emitting device with the bright- 
ness corresponding to brightness data, wherein 

a plurality of driving waveform corresponding 
to plural pieces of brightness data have rising por- 
40 tions up to a predetermined level A k (where k indi- 
cates an integer equal to or largerthan 3 and equal 
to or smaller than n), and includes a driving wave- 
form having a rising portion up to the predetermined 
level A k through each level from a level A 1 to a level 
45 m order at least by one slot. 

37. A method of driving a light-emitting device by a driv- 
ing waveform whose pulse width is controlled in a 
slot width At and whose level is controlled in n stag- 

50 es of at least A 1 to A n (where n is an integer equal 
to or larger than 3, and 0 < A 1 < A 2 < . . . < A n ) in each 
slot to emit a light-emitting device with the bright- 
ness corresponding to brightness data, wherein 
a plurality of driving waveform corresponding 
55 to plural pieces of brightness data have falling por- 
tions to a predetermined level A k (where k indicates 
an integer equal to or larger than 3 and equal to or 
smaller than n), and includes a driving waveform 
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having a falling portion from the predetermined level 
A k through each level from a level A k .., to a level A 1 
in order at least by one slot. 

38. The driving method according to any of claims 1 to 5 
5, 7 to 1 0, 12, and 35 to 37, wherein 

the driving waveform obtained when the max- 
imum level of the driving waveform is set high by 
one level increasing the driving energy for driving 
the light-emitting device is configured such that the 10 
maximum level can be obtained in two slots by in- 
creasing by one the number of unit driving wave- 
form blocks defined by the level difference A n - 
A n _ 1f or A 2 - A<\ or the level difference between 
the level A^ and the level which is the driving thresh- * 5 
old of the light-emitting device, and the slot width At. 

39. The driving method according to any of claims 1 to 
5, 7 to 10, 12, and 35 to 37, wherein 

the driving waveform obtained when the max- 20 
imum level of the driving waveform is set high by 
one level increasing the driving energy for driving 
the light-emitting device is configured such that the 
maximum level can continue in two slots or more by 
increasing by one the number of unit driving wave- 25 
form blocks defined by the level difference A n - 

An^ or A 2 - Ai or the level difference between 

the level A, and the level which is the driving thresh- 
old of the light-emitting device, and the slot width At. 

30 

40. The drive circuit according to claim 1 5, wherein 

in the driving waveform whose maximum level 
A k which is the number of slots i is S-2(k-1) with the 
largest number of slots defined as S, the driving 
waveform obtained by one level further increasing 35 
the driving energy by adding the unit driving wave- 
form blocks is the driving waveform having the level 
of an arbitrary slot in the (k+1)th to the (S-k)th slots 
changed from Ak to A k+1 . 

40 

41. The drive circuit according to claim 40, wherein 

the slot having the level changed from A k to 
A k+1 is either of the (k+1)th or (S-k)th slot. 
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